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Abstract 
 
Chapter 1. The impact and growth of carbon nanotubes within the framework of 
nanotechnology is presented.  Methods to produce single chirality nanotubes from 
template-mediated sources are evaluated.  The concept of a nanotube endcap is 
introduced as a potential synthetic target toward the selective synthesis and growth of a 
single chirality carbon nanotube. 
  
Chapter 2. A modified synthesis of corannulene is presented, highlighting a selective 
imine based reaction protocol for the fuctionalization 4,7-dimethylacenaphthenequinone. 
Also reviewed is a cascade coupling approach toward the synthesis of corannulene, 
followed by an analysis of the thermochemistry of the two-component disconnection. 
         
Chapter 3. The synthesis of 6 different indenoannulated corannulene congeners derived 
from a single flash vacuum pyrolysis (FVP) is described.  X-ray crystal structures for 
each indenoannulated corannulene are presented along with computational modeling.  
Spectroscopic comparison between observed and theoretical 
1
H NMR provides one of the 
largest complete and comparative data sets for a collection of PAHs. 
 
Chapter 4. The application of a palladium based indenoannulation reaction is presented 
as an alternative synthetic method to FVP.  Heteroatom based derivatives of both 
HO OH O OCl
O
N(Et)2
O
N(Et)2
O
(Et)2N
NiCl2(dppp)
MeMgBr, Et2O
Cl
O
Cl
O
O O
+
OO
Desired Isomer
Br
Br
Br
Br
4 steps
tetraindenocorannulene and pentaindenocorannulene were both developed as potential 
solubilizing factors.  The thermochemistry for each successive indenoannulation of 
1,3,5,7,9-pentaphenylcorannulene leading to pentaindenocorannnulene has been 
calculated, providing an approximated energy landscape for the total transformation. 
 
  
 
Chapter 5. Several routes for the synthesis of 1,3,5,7,9-pentakis(2,6-dichlorophenyl)-
corannulene are presented.  The yield for this reaction has been improved through the use 
of a palladium based precatalyst.  During this time we studied a five-fold palladium 
catalyzed borylation of corannulene using B2pin2. Finally development of a cascade 
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coupling reaction towards a [5,5] SWNT endcap is highlighted by a 12 bond coupling 
reaction. 
    
 
Chapter 6.  A nickel-promoted homo-coupling between the proximally situated aryl 
halides of 1,2,5,6-tetrakis(2-chlorophenyl)corannulene is used to complete the synthesis 
of diphenanthro[9,10-a:9!,10!-g]corannulene.  X-ray quality crystal were grown of 
diphenanthro[9,10-a:9!,10!-g]corannulene, and the structure was solved.  The crystals 
forms highly ordered arrays in a columnar fashion with each phenanthro segment aligned 
through a series of " - " stacking interactions. 
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Chapter 1 
Introduction 
 2 
1.1 Introduction  
The influence of materials on humanity and how it has shaped the growth of 
nations might arguably be one of the most significant forces of societal evolution.  Our 
history has been defined by the use of materials (stone, bronze, iron, etc) (Figure 1-1).
1
  
Where and how these substances are used can have broad impact across epoch.  Research 
in materials science is now at the forefront of yet another milestone as nanotechnology 
promises to provide innovation not only in the classically observed fields, but also in 
biology, medicine and electronics as well.  This growth is an indicator for the continued 
need for cooperative interdisciplinary science.  Of particular interest, since their 
discovery,
2
 are carbon nanotubes.  However, their role as we move forward still remains 
to be defined.  The processes that exist to produce and manufacture specific sizes and 
types of carbon nanotubes remain stunted.  Current state of the art methods provide 
mixtures of nanotubes varying in chirality (armchair, zig-zag and chiral) (Figure 1-2).  
Figure 1-1. Development of Materials Throughout History 
  
                                                
1
 Herrmann, W. A. Chem. Eng. Technol. 1998, 21, 549-558. 
2
 Iijima, S. Nature 1991, 354, 56-58. 
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Figure 1-2. Nanotube Chirality 
 
 The nomenclature (armchair, zigzag and chiral) used to describe nanotubes can 
also be interpreted from their respective annotated descriptions (m,n).  A nanotube can be 
thought of as a single sheet of graphene rolled into a cylinder; the angle upon which the 
graphene sheet is rolled dictates the diameter and chirality of the tube.  The use of indices 
(m,n) on a flat graphene sheet hence provides the vector which the sheet is rolled upon to 
form a cylinder (Figure 1-3).
3
 
 
 
                                                
3
 Taylor, R. Lecture Notes on Fullerene Chemistry. Imperial College Press: London, U.K., 1999.  A 
discussion of the structure and properties of nanotubes can be found in section 2.8.  
 4 
Figure 1-3.  Schematic of Graphene Sheet 
 
1.2 Nanotube Growth     
Many of the carbon nanotube applications that have been recently reported 
require uniform carbon nanotubes with predefined properties.
4a,b
  Our group has taken on 
the challenge of developing methodology to provide a selective synthesis of a single 
chirality armchair carbon nanotube. Where in the past this might have been considered a 
problem for chemical engineers to solve, we see this as an opportunity to use classical 
synthetic chemistry.  We propose if a nanotube endcap could be synthesized, then 
                                                
4
 (a) de la Zerda, A.; Gambhir, S. S. Nature Nanotech. 2007, 7, 745-746. (b) Koziol, K.; Vilatela, J.; 
Moisala, A.; Motta, M.; Cunniff, P.; Sennett, M.; Windle, A. Science 2007, 318, 1892-1895.  
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through a template mediated living polymerization we could provide the first rational 
synthesis of a carbon nanotube (Figure 1-3). 
Figure 1-3. Nanotube Growth Process 
 
1.3 New Synthetic Routes to Nanotubes Templates  
Several groups have adopted our concept of template directed nanotube growth, 
which they have applied to a variety of new nanotube precursors.
5a,b
  Bertozzi et al. 
recently completed the syntheses of a series of cyclopolyparaphenylenes,
6
 which 
constitute the shortest possible segment of an armchair carbon nanotube.  The strategy 
used by Bertozzi et al. to build such highly strained molecules relies heavily on 
sequential processes where strain is introduced over each synthetic step (Fig 1.4).  Using 
a similar design approach, Bodwell et al. developed a synthesis to provide a highly 
curved C32 subunit of a [8,8] single wall carbon nanotube (Fig 1.5).
7
 These unique 
                                                
5
 (a) Rim, T. K.; Siaj, M.; Xiao, S.; Myers, M.; Carpentier, V. D.; Liu, L.; Su, C.; Steigerwald, M. L.; 
Hybertsen, S. M., McBreen, H. P.; Flynn, G. W.; Nuckolls, C. Angew. Chem., Int. Ed. Engl. 2007, 46, 
7891-7895. (b) Otero, G.; Biddau, G.; Sanchez, C.; Caillard, R.; Lopez, M. F.; Rogero, C.; Palomeres, J.; 
Cabello, N.; Basanta, M. A.; Ortega, J.; Mendez, J.; Echavarren, A. M.; Perez, R.; Gomez-Lor, B.; Matin-
Gago, J. A. Nature. 2008, 454, 865-868. 
6
 Jasti, R.; Bhattacharjee, J.; Neaton, J. B.; Bertozzi, C. R. J. Am. Chem. Soc. 2008, 130, 17646-17647. 
7
 Merner, B. L.; Dawe, L. N.; Bodwell, G. J. Angew. Chem., Int. Engl. 2009, 48, 5487-5491. 
 6 
syntheses highlight the value of synthetic planning as well as demonstrate the continued 
growth in the field of curved polycyclic aromatic hydrocarbon synthesis.      
Figure 1-4. Nanotube Hoops [9]-, [12]-, and [18]Cycloparaphenylenes 
 
Figure 1-5. C32 Subunit of a [8,8] carbon nanotube 
 
1.4 End-Cap Synthetic Approach 
 The target nanotube endcap we have chosen to synthesize is designed to provide 
a [5,5] single wall carbon nanotube.  We envision this synthesis to begin from a C20 
corannulene unit, which could then be functionalized to provide further reactivity.  A 
five-fold arylation of this precursor would then provide the carbon scaffold of a C50 
nanotube endcap, which through a series of annulations could provide the desired final 
OMe
OMe
MeO
MeO
m
m = 2, 2%
m = 3, 10%
m = 5, 10%
-
Li+
n
n = 5, 43%
n = 8, 52%
n = 14, 36%
THF, -78 oC
Me
Me
CHO
Me
Me
CHO
Me
Me
Me
Me
Me
Me Me
Me
TiCl4, Zn
pyridine
41%
DDQ
m-xylene
95%
 7 
target (Fig 1.6).  In the following chapters these synthetic disconnections will be tested 
and modified, highlighting our progress toward the completion of this project.   
Figure 1-6. Proposed Nanotube End-Cap   
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Chapter 2 
Corannulene: Potential Routes, Modifications and Functionalization 
! "!
2.1  Introduction 
There are 136 registered compounds in the Chemical Abstracts catalog with the 
molecular formula C20H10, of which one structure has been studied, theorized and cited 
far more than any other, corannulene (2.1) (Scheme 1).
1
  
Scheme 2-1.  Retrosynthesis of Corannulene Based on a Fluoranthene Core  
 Our interest in corannulene stems from its unique curved geometry and its 
potential to serve as a building block for larger curved polyarenes.
2
  Since the first 
synthesis of corannulene 43 years ago,
3
 several research groups have further developed 
and honed the synthesis of the curved hydrocarbon, pushing the limits of accessibility 
beyond the original milligram scale synthesis. Notable advancements toward this 
chemistry have been made by Scott et al.,
4ab
 Siegel et al.
4c
 and Rabideau et al.;
4de
 work by 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
#!Corannulene has directly been referenced 275 times in thirteen different databases, almost six times more 
than any other C20H10 isomer.!
$!For a review spanning many examples, see: Tsefrikas, V. M.; Scott, L. T. Chem. Rev. 2006, 106, 4868-
4884.   
%!Barth, W. E.; Lawton, R. G. J. Am. Chem. Soc. 1966, 88, 380-381.!
&!(a) Scott, L. T.; Hashemi, M. M.; Meyer, D. T.; Warren, H. B. J. Am. Chem. Soc. 1991, 113, 7082-7084. 
(b) Scott, L. T.; Cheng, P.C.; Hashemi, M. M.; Bratcher, M. S.; Meyer, D. T.; Warren, H. B. J. Am. Chem. 
Soc.1997, 119, 10963-10968. (c) Seiders, J. T.; Elliot, E. L.; Grube, G. H.; Siegal, J. S. J. Am. Chem. Soc. 
1999, 121, 7804-7813. (d) Sygula, A.; Rabideau, P. W. J. Am. Chem. Soc. 1999, 121, 7800-7803. (e) 
Sygula, A.; Xu, G.; Marcinow, Z.; Rabideau, P. W. Tetrahedron, 2001, 57, 3637-3644.   
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the latter two groups employing a halogenated fluoranthene derivative 1,6,7,10-tetrakis-
(dibromomethyl)fluoranthene (2.2) have established important solution phase methods in 
the synthesis of corannulene (2.1). Both groups reported similar key transformations, 
which enabled 2.2 to be transformed into corannulene through a single step in high yield 
(75%-80%).  While this work does suggest the possibility of accessing corannulene in 
multi-gram quantities, the main limiting factor remains the synthesis of 1,6,7,10-
tetramethylfluoranthene (2.3). In the subsequent years since these reports, improvements 
have been made toward accessing this molecule, yet it still remains a lengthy synthesis 
requiring demanding separations.  The synthetic value of corannulene as a precursor to 
polycyclic aromatic hydrocarbons depends on the chemist’s ability to synthesize the 
molecule in a short amount of time and on a large scale.   
Our approach toward developing an efficient synthesis of corannulene is split into 
two different tactics: (1) optimize the existing synthesis of 1,6,7,10-
tetramethylfluoranthene (2.3), to enable streamlined large-scale production, and (2) 
develop a shorter, more direct synthesis to 2.3. 
2.2  Results and Discussion 
2.2.1 Evaluating the Synthesis of 1,6,7,10-tetramethylfluoranthene  
 Previous work in the Scott group by former member M. Bancu illustrated that 
corannulene can be synthesized in a relatively low number of synthetic operations (8 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
! ""!
steps).
5
 M. Bancu’s work has been reproduced several times in our lab with good success 
with the exception that the scale of the synthesis is limited by the available quantities of 
one synthetic intermediate.  The limiting step in the synthesis is the formation of a 
mixture of isomers (3,8-dimethylacenaphthenequinone (2.4) and 4,7-dimethyl-
acenaphthenequinone (2.5)) (Scheme 2.2).  While it is possible to separate the isomeric 
mixture, this process is notoriously time consuming and involves extensive silica gel 
column chromatography, which neither completely purifies the product nor is it 
amendable for large-scale separations. Alternatively, the isomeric mixture can be 
separated through successive recrystallizations, but unfortunately this process is 
accompanied by low yields and loss of product (yields range from 16% to 47%).   
Scheme 2-2. Formation of Dimethylacenaphthenequinone Isomers 
 
 Following an idea which previously had not been explored, we decided to probe 
the reactivity of the two isomers; if a reactivity/selectivity equilibrium could be 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
#!Bancu, M. Ph.D. Dissertation, Boston College: Chestnut Hill, MA, 2004.!
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established between the two isomers, it might be possible to react away the undesired 
isomer from the desired isomer.  
2.2.2  Separation of Dimethylacenaphthenequinone Isomers 
After evaluating the two dimethylacenaphthenequinone isomers (2.4 and 2.5) and 
their potential reactivity, we chose to focus on the reactive quinone bridge of the 
molecules.  Work by Fukuda et al. has shown that sterically demanding amines can be 
incorporated into acenaphthenequinone to provide highly congested diimino-
acenaphthenes.
6
  Based purely on steric factors, we reasoned that addition into the 
carbonyl groups of the quinone might be retarded in the desired isomer 3,8-
dimethylacenaphthenequinone (2.4) due to the adjacent methyl substituents at the 
quinone bridge. In comparison 4,7-dimethylacenaphthenequinone (2.5) has no steric 
protection and should therefore readily react with an appropriate addition partner.  
Finally, the addition partner was selected (aniline) based on its cost, size and potential 
ease of use in purification (Scheme 2-3).     
Scheme 2-3. Quinone Isomer Separation 
 
 By subjecting the crude isomeric mixture to an excess of aniline we find the 
reaction is completed in two hours, and the products can be simply precipitated out of 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
$!Paulovicova, A.; El-Ayaan, U.; Shibayama, K.; Morita, T.; Fukuda, Y. Eur. J. Inorg. Chem. 2001, 10, 
2641-2646. 
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solution with excess water.  A silica gel plug is then used to separate the now chemically 
different isomers to provide the desired isomer cleanly.
7
  Although we believe imine 
formation is selective for the undesired isomer, we cannot rule out the possibility that 
addition to the desired isomer might be a fleeting product in this reaction.  The imine 
formed in this step is highly acid sensitive and upon exposure to silica gel slowly 
degrades back to the original quinone.  The loss of aniline never interfered in the 
purification, but it also never allowed us to isolate the aniline substituted 4,7-
dimethylacenaphthenequinone 2.6.   
2.2.3 Attempted Two-Component Synthesis of 1,6,7,10-tetramethylfluoranthene 
 Retrosynthetic analysis is an invaluable technique for simplifying complex 
molecules back to their commercially available components; this is the art and trade of an 
organic chemist.
8
  If one were to examine fluoranthene from a retrosynthetic standpoint, 
following the simplest disconnections, he would arrive at benzene and naphthalene 
(Scheme 2-4).  This synthetic approach was highlighted by Scott and de Meijere et al., 
where 2-bromophenylboronic acid (2.7) and 1-bromonaphthalene (2.8) are combined in a 
cross-coupling annulation cascade sequence to provide 2.9 in a 97% yield (Scheme 2-4).
9
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$!The silica gel plug was run through gravity, vacuum elution decreased Rf separation between products. 
%!Corey, E. J. Chem. Soc. Rev. 1988, 17, 111-133. 
&!Wegner, H. A.; Scott, L. T.; de Meijere, A. J. Org. Chem. 2003, 68, 883-887.!
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Scheme 2-4.  Retrosynthetic Analysis and Forward Synthesis of Fluoranthene 
 
Similar to the synthesis of fluoranthene (2.9), we propose that a cascade two-
component synthesis of 1,6,7,10-tetramethylfluoranthene (2.3) might be achieved using 
the same synthetic approach (Scheme 2-5). 
Scheme 2-5.  Retrosynthesis of 1,6,7,10-Tetramethylfluoranthene 
 
The two homologous structures differ only by four methyl groups, which led us to 
undertake a simple computational investigation of the strain energies associated with the 
two systems.  If the comparative strain energies are similar, it would suggest that the 
cascade reaction would proceed favorably in the methylated fluoranthene example 2.3.  
+
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We chose to use the strain free reference system of two benzene molecules coupling to 
make biphenyl to approximate the energy cost of the annulation step.  At the AM1 level 
of theory, our analysis shows the ring closure of 1-phenylnaphthalene (2.10) to 2.9 has a 
strain energy cost of 15.8 kcal/mol. In comparison, the ring closure of 1-(2,5-
dimethylphenyl)-2,7-dimethylnaphthalene (2.11) to 2.3 is an additional 8.9 kcal/mol 
(total strain energy 24.7 kcal/mol).
10
  Since the calculations predicted such similar strain 
energies, we began work towards synthesizing the appropriate coupling partners for a 
two-component synthesis of 2.3.   
Scheme 2-6. Isodesmic AM1 Strain Energy Calculation 
 
 
Based on the approach taken by Scott and de Meijere et al., the equivalent 
methylated derivatives we chose included 1-bromo-2,7-dimethylnaphthalene (2.12) and 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"$!Spartan. software; Wavefunction, Inc.: Irvine, CA 92612.!
+ + 2 15.852 kcal/mol
2+ + 24.673 kcal/mol
2.10 2.9 
2.11 2.3 
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2-chloro-3,6-dimethylphenylboronic acid (2.13) (Scheme 2-7).  We found that a simple 
bromination of 2,7-dimethylnaphthalene at room temperature in dimethylformamide 
provided the desired product 2.12 in good yield,
11
 but the 2-chloro-3,6-
dimethylphenylboronic acid (2.13) could not be easily prepared.  
Scheme 2-7. Cascade Coupling Arylation of peri-Functionalized PAHs 
  
During the synthesis of 2.12, we discovered that when excess NBS was used, a 
side product formed during the course of the reaction.  The side product was isolated and 
identified as 1,8-dibromo-2,7-dimethylnaphthalene (2.14).  Through this interesting turn 
of events, we were now able to synthesize a peri-dibromonaphthalene derivative.  This 
discovery opened the door to the possibility of a non-halogenated arylboronic acid 
coupling partner.  Precedent for this chemistry has previously been shown by J. Quimby 
in our lab, where a peri-difunctionalized acenaphthene and a singly-functionalized aryl 
boronic acid can be incorporated together in a cross-coupling annulation cascade 
(Scheme 2-8).
12
 In this new approach, we reacted 1,8-dibromo-2,7-dimethylnaphthalene 
(2.14) with 2,5-dimethylphenylboronic acid (2.15) and Pd(PCy3)2Cl2.  The only product 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
""!Larkem, H.; Larkem, A.; Messadi, D. Egypt. J. Chem. 2004, 47, 413-426. We thank Dr. Larkem for 
providing a reprint of this paper.!
"$!Quimby, M. J.; Scott, L. T. Adv. Synth. Catal. 2009, 351, 1009-1013.!
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formed in the reaction is the singly hydrodehalogenated 1-bromo-2,7-
dimethylnaphthalene (2.12) and unreacted starting material (1:1 mixture) (Scheme 2-8).   
It is unclear why the reaction fails or, more specifically, why the initial cross-
coupling does not proceed. Based on the amount of hydrodehalogenated product formed, 
most likely the palladium oxidative addition step into the C-Br bond is not the problem.  
An argument could be made that sterically the peri-bromines on naphthalene are too 
close and too large to permit the transmetalation step of the phenylboronic acid.  If this is 
the case, the side product 2.12 formed in the reaction should re-enter the catalytic cycle to 
give 1-(2,5-dimethylphenyl)-2,7-dimethylnaphthalene (2.16); however, 2.16 is not 
observed. 
Scheme 2-8. Cascade Coupling Arylation of peri-Functionalized PAHs. 
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 In an effort to understand better why the reaction failed and why 1-bromo-2,7-
dimethylnaphthalene (2.12) does not cross-couple, we decided to test if it is possible to 
independently synthesize 1-(2,5-dimethylphenyl)-2,7-dimethylnaphthalene (2.16) from 
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2.12 and 2,5-dimethylphenylboronic acid (2.15).  We found in our independent synthesis 
that the reaction proceeds in high yield (99% yield) (Scheme 2-9).
13
   Based on these 
results, we propose that palladium insertion into the bromine carbon bond is significantly 
faster than transmetalation in the bulky 2.14, which could explain in part, the lack of 
productive coupling.  In an effort to slow the palladium insertion step, we chose to 
synthesize the peri-chloro variant of 2.14.  Now reacting 2.17 under the same synthetic 
sequence, we find palladium insertion has been slowed enough to provide 2.18 and 2.16, 
but the arylation reaction still fails (Scheme 2-10, Figure 2-1).  These results do suggest 
that the transmetalation step is sensitive to steric crowding; however, we are uncertain as 
to why the arylation failed and are investigating this lack of reactivity.  
Scheme 2-9. Synthesis of 1-(2,5-dimethylphenyl)-2,7-dimethylnaphthalene. 
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Scheme 2-10. Cascade coupling with peri-chloro naphthyl derivative 
 
Figure 2-1.  GCMS trace of peri-chloro naphthyl cascade coupling  
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2.2.4 Attempted Synthesis of 1,6,7,10-Tetramethylfluoranthene  
 Having shown that in one step we could synthesize the all carbon structure 2.16 
with three of the four necessary rings that constitute the entire carbon scaffold of 
1,6,7,10-tetramethylfluoranthene (2.3), we attempted to complete the total synthesis 
through a final intermolecular arylation C-H activation step.  Work reported by Lu et al. 
has shown that a similar selective C-H bond activation and coupling can be achieved with 
respect to para-xylene and naphthalene (Scheme 2-11).
14
 Based on this work, we hoped 
under dilute reaction conditions to activate 2.16 selectively for an intermolecular 
arylation, which could provide 2.3.  Unfortunately, repeated attempts to cyclize 2.16 only 
produced polymeric products and unchanged starting material.  
Scheme 2-11. Attempted C-H Activation Arylation. 
 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
$%!(a) Li Jiang, R.; Lu, W. Organometallics, 2006, 25, 5973-5975. (b) Li Jiang, R.; Lu, W. 
Organometallics, 2007, 26, 4376-4378.  
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2.2.5 Synthesis of 1,2,5,6-Tetraiodocorannulene 
There are many halogen substituted corannulene variants, most of which involve 
either bromine or chlorine substitution.
15,4b
  Since many of these molecules ultimately 
find use in cross-coupling reactions (decreasing reactivity I > Br > Cl), it would be 
advantageous to gain access to the more reactive iodinated corannulenes (Figure 2-12).  
Figure 2-12. Corannulene Halides and Cross-Coupling Reactivity  
 
Unpublished work from our group has shown corannulene to be a poor substrate 
for direct iodination from the parent hydrocarbon.
15c
 However, a search of the literature 
does provide one example of an iodinated corannulene.  Reported in 2001 by Rabideau et 
al., the authors describe a halogen exchange approach used to synthesize 1,2,5,6-
tetraiodocorannulene (2.20) from 1,2,5,6-tetrabromocorannulene (2.21) (70% yield 
reported Scheme 2-13).
4c
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#$! For bromo- and chlorocorannulene examples, see:(a) 1,2,5,6-Tetrabromocorannulene: Sygula, A.; 
Rabideau, P. W. J. Am. Chem. Soc. 2000, 122, 6323-6324. (b) Monobromocorannulene: Seiders, T. J.; 
Baldridge, K. K.; Elliott, E. L.; Grube, G. H.; Siegel, J. S. J. Am. Chem. Soc. 1999, 121, 7439-7440. (c) 
1,3,5,7,9-Pentachlorocorannulene: Corpuz, E. M.S. Thesis, Boston College, Chestnut Hill, MA, 1997.  
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Scheme 2-13.  Iodination of Corannulene Under Halogen Exchange 
 
We were experiencing difficulties in a cross-coupling reaction using 1,2,5,6-
tetrabromocorannulene (2.21) (further details about this cross-coupling in chapter 3) and, 
therefore, decided to pursue the synthesis of the tetraiodinated 2.20. Under similar 
conditions to those previously reported, we found that when 2.21 was refluxed in 
dimethylformamide with excess copper iodide and potassium iodide 1,2,5,6-
tetraiodocorannulene (2.20) was afforded in good yield.  
2.2.6 Synthesis of 1,2,5,6,8-Pentabromocorannulene 
 Previous work by a past member of our group, M. Bancu, has shown that reacting 
elemental bromine with 1,2,5,6-tetrabromocorannulene (2.21) results in a regio-selective 
halogenation to provide 1,2,5,6,8-pentabromocorannulene (2.22)(Scheme 2-14).
5
 Our 
interest in this molecule stems from its five-fold substitution and superior reactivity 
relative to its symmetrically chlorinated counterpart, 1,3,5,7,9-pentachlorocorannulene 
(2.23) (Scheme 2-14).  We propose that a five-fold halogenated corannulene can serve as 
template for the genesis of a carbon nanotube end-cap (work further discussed in chapter 
4).   
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Scheme 2-14. Synthesis of Pentabromocorannulene Using Elemental Bromine 
 
Unfortunately, when we attempted to synthesize 1,2,5,6,8-
pentabromocorannulene (2.22) following M. Bancu’s conditions, we encountered some 
inconsistency. We perceive that the difficulties experienced in this bromination step are 
related to the poor solubility of the starting material.  Tetrabromocorannulene 2.21 is an 
insoluble polyhalo-PAH, and one might think the addition of a fifth bromine would only 
potentiate this characteristic of the molecule. While 2.22 is by no means readily soluble, 
we have found it to be more soluble than its symmetrically brominated parent 2.21.  The 
solubility difference between the two compounds (2.21, 2.22) may explain, in part, the 
inconsistencies observed in the bromination reaction.  Theoretically, it would be 
preferable to have a reaction where the starting material is initially soluble, and as it is 
transformed the reaction product becomes insoluble. Since this scenario is not possible, 
we began working to develop conditions to increase the solubility of both the starting 
material and the product.   
With the goal of solubilizing our starting material, it was discovered that when 
neat liquid bromine is used as a solvent, tetrabromocorannulene 2.21 is dissolved quite 
Br
Br
Br
Br 1
2
3 4
5
6
7
89
10
Br
Br
Br
Br
Br
Br2
Cl
Cl
Cl
Cl
Cl
2.21 2.22 2.23 
! "#!
well.  The prospect of running a large-scale reaction in neat liquid bromine is not 
attractive, but what we did learn was not only the importance of bromine as a halogen 
source, but also its role as a co-solvent.  Immediately our attention was focused back to 
the initial reaction, where we begin systematically increasing the equivalents of bromine 
used. Ultimately it was discovered that using a 0.151 M solution of bromine in 
tetrachloroethane, approximately 21 equivalents of bromine relative to 
tetrabromocorannulene 2.21, at 100
 o
C in a pressure vessel solubilizes 2.21 to provide 
pentabromocorannulene 2.22 in good yield.   In spite of the large excess of bromine used, 
over bromination was not a problem. An important element, which works to our favor are 
the sterics of the final product.  Bromination of 2.21 should be selective to the extent that 
bromination peri to a bromine should be sterically, highly unfavorable, making the initial 
bromination of 2.21 selective for halogenation at the 8 position (Scheme 2-13).  Once 
pentabromocorannulene 2.22 is formed, there are no additional positions on the rim
16
 of 
corannulene which are not peri to a bromine substituent, thus halting further bromination. 
2.2.7 Synthesis of (Chloromethyl)corannulene 
 Through a collaboration with Prof. R. Shenhar at the Hebrew University in 
Jerusalem we became interested in synthesizing (chloromethyl)corannulene (2.24) for its 
potential use in synthesizing polymer chain dendrimers. In a series of simple 
transformations we hoped to synthesize 2.24 from the known formylcorannulene (2.25). 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
$%!Borchardt, A.; Fuchicello, A.; Kilway, K. V.; Baldridge, K. K.; Siegel, J. S. J. Am. Chem. Soc. 1992, 
114, 1921. 
! "#!
A synthesis of 2.25 had previously been developed by D. Preda in the Scott group;
17
 upon 
following the reported conditions, the synthesis of 2.25 was successfully repeated. From 
aldehyde 2.25, a simple reduction with NaBH4 then provided the corresponding 
(hydroxymethyl)corannulene 2.26 in good yield.  The resulting alcohol was then easily 
converted to the corresponding chloride 2.24 by PPh3 and NCS to provide the desired 
product (65% yield, Scheme 2-9).  
Scheme 2-9. Synthesis of (Chloromethyl)corannulene. 
 
 
2.3 Conclusions 
 Strategies for synthesizing corannulene herein have been described in two 
different synthetic approaches: (1) derivitization to simplify purification of a key isomer 
in the synthesis of corannulene, (2) ongoing development of a one-step substituted 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
$%!Preda, D. Ph.D. Dissertation, Boston College, Chestnut Hill, MA, 2001. 
Cl
CHO OH
Cl2CHOCH3
TiCl4
NaBH4
PPh3, NCS
2.24 
2.25 2.26 
! "#!
fluoranthene synthesis leading to corannulene.  These strategies represent not only the 
evolutionary growth seen over the years in the synthesis of corannulene (from milligram 
quantities to multi-gram quantities), but are also indicative of the rising demand and 
interest related to curved hydrocarbons.  Included within these studies not only have we 
shown that corannulene can be accessed more readily than ever before, but that its 
synthetic versatility would makes it an excellent springboard toward the synthesis of 
larger geodesic polyarenes.    
2.4 Experimental Procedures 
2.4.1 General Experimental  
All commercially available chemicals and solvents were used without further 
purification unless specified.  Anhydrous solvents were either purchased or were obtained 
from a six tap (dichloromethane, tetrahydrofuran, toluene, 1,2-dichlorobenzene, N,N-
dimethylacetamide and carbon disulfide) Glass Contour solvent purification system.  
Proton and Carbon NMR spectra were taken using a Varian 400 or 500 MHz NMR 
spectrometer.  Chemical shifts are reported in ppm downfield from TMS in chloroform-d 
(!H = 7.26 ppm, !C = 77.16 ppm) as the standard reference.  Preparative thin layer 
chromatography was carried out using Analtech silica GF or Alumina GF plates.  Column 
chromatography was carried out using either Sorbet Technologies standard grade silica 
gel (porosity = 60 Å, particle size = 32-63 µm) or Sigma-Aldrich aluminum oxide, 
activated, neutral Brockmann I, standard grade (~150 mesh, 58 Å). High resolution mass 
! "#!
spectra were obtained using time of flight mass spectrometers at the mass spectrometry 
center Boston College.      
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2.4.2 Separation of 3,8-Dimethylacenaphthenequinone  (2.4)
1
 
 
 
 
O O
+
OO
NH2
N N
+
OO
AcOH
 
 
 
To a round bottom flask equipped with a reflux condenser and magnetic stir bar 
were added 27.4 g (0.13 mol) of an isomeric mixture of 3,8-di-
methylacenaphthenequinone  (2.4): 4,7-dimethylacenaphthenequinone (2.5) 70:30, 
respectively, and 1 L of acetonitrile.  The mixture was then placed in an 80 
o
C silicon oil 
bath and allowed to stir.   After 20 min 160 mL of acetic acid was then added. The 
solution was allowed to stir for 30 min whereupon 14.8 mL (0.16 mol) of aniline was 
added.  After two h the crude reaction mixture was then removed from the silicon oil bath 
and poured into 2 L of continuously stirring ice water. The crude product mixture 
precipitated out of solution as a red/orange solid.  The precipitate was collected through a 
medium porosity glass frit (22.0 g), and was purified by a large silica gel plug and 
dichloromethane as the eluent to provide 14.1 g (73% yield based on the ratio of isomers) 
of a yellow powder.
2
  The spectroscopic properties of this compound are consistent with 
those previously reported: 
1
H NMR (400 MHz, CDCl3) ! 8.01 (d, J = 8.5 Hz, 2H), 7.48 
(d, J = 8.5 Hz, 2H), 2.85 (s, 6H).       
 
                                                
1
 Bancu, M. Ph.D. Dissertation, Boston College: Chestnut Hill, MA, 2004. 
2
 The silica gel plug was run under gravity without the aid of vacuum to give an ideal separation.  
2.4 2.5 2.4 2.6 
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2.4.3 1-Bromo-2,7-dimethylnaphthalene (2.12) and 1,8-Dibromo-2,7-
dimethylnaphthalene (2.14) 
 
 
NBS
Br BrBr
+
 
 
 
 
To an oven dried round bottom flask equipped with a magnetic stir bar were 
added 6.0 g (38.4 mmol) of 2,7-dimethylnaphthalene, and 10.2 g (57.6 mmol) of N-
bromosuccinimide.  The reaction flask was then capped with a rubber septum and purged 
with nitrogen gas.  Anhydrous dimethylformamide (100 mL) was added, and the mixture 
was allowed to stir at room temperature.  After 5 h, the solution was filtered and 
concentrated to an oil.  The crude mixture was then diluted with 100 mL dichloromethane 
and washed (!2) with a 10% sodium thiosulfate solution. The crude products were 
purified on aluminum oxide with hexanes as an eluent to provide 5.34 g (59% yield) of 1-
bromo-2,7-dimethylnaphthalene (2.12) as a clear crystalline solid: mp (44-45 
o
C, lit
3
 52-
53 
o
C, lit
4
 52 
o
C, lit
5
 48 
o
C); 
1
H NMR (500 MHz, CDCl3) " 8.12 (s, 1H), 7.71 (d, J = 8.3 
Hz, 1H), 7.70 (d, J = 8.3 Hz, 1H), 7.33 (d, J = 8.3 Hz, 1H), 7.31 (d, J = 8.3 Hz, 1H), 2.65 
(s, 3H), 2.60 (s, 3H); 
13
C NMR (125 MHz, CDCl3) " 137.34, 136.09, 132.78, 131.44, 
128.07, 128.02, 127.96, 127.15, 126.09, 123.57, 24.38, 22.24; HRMS DART (m/z) 
[M+H]
+
 calculated C12H12Br: 235.0122, found 235.0120.   
                                                
3
 Larkem, H; Larkem, A.; Messadi, D. Egypt. J. Chem. 2004, 47, 413-426. 
4
 Buu, H.; Lecocq, J. J. Chem. Soc. 1946. 830-832. 
5
 Clar, E.; Wallenstein, H. D. Ber. Dtsch. Chem. Ges. 1931. 64B, 2076-2082. 
2.14 2.12 
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583 mg (5% yield) of 1,8-dibromo-2,7-dimethylnaphthalene (2.14) as clear crystalline 
solid: mp (44-53 
o
C); 
1
H NMR (500 MHz, CDCl3) ! 7.66 (d, J = 8.2 Hz, 1H), 7.32 (d, J = 
8.2 Hz, 1H), 2.63 (s, 6H); 
13
C NMR (125 MHz, CDCl3) ! 140.42, 134.37, 130.95, 128.64, 
128.05, 121.01, 26.52; HRMS DART (m/z) [M+H]
+
 calculated C12H12Br2: 314.9207, 
found 314.9206. 
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2.4.4 Attempted Synthesis of 1,6,7,10-Tetramethylfluoranthene (2.3) 
 
 
Pd(PCy3)2Cl2, DBU
Br
B(OH)2
Br
 
 
 
 
To a microwave pressure vessel equipped with a stir bar were added 25 mg (0.11 
mmol) of 1,8-dibromo-2,7-dimethylnaphthalene (2.14),  16 mg (0.11 mmol) of 2,5-
dimethylphenylboronic acid (2.15), and 20 mg (0.03 mmol) of bis-(tri-
cyclohexylphosphine)palladium dichloride.  The reaction vessel was sealed with a rubber 
microwave septum and then purged with nitrogen gas.  To the reaction flask were then 
added 4 mL of dimethylacetamide, and 0.2 mL (1.33 mmol) of 1,8-diazabicyclo[5.4.0]-
undec-7-ene.  The mixture was then degassed with nitrogen for ~ 5 min and then placed 
in a microwave reactor.  After being irradiated for 30 min at 160 
o
C the reaction vessel 
was allowed to cool to room temperature, and the contents were then diluted with ~ 50 
mL of dichloromethane.  The crude mixture was then washed with a 10% HCl solution 
(!3), water (!1) and brine (!1).  The organic layer was then dried over magnesium 
sulfate, filtered and concentrated under reduced pressure.  Mass analysis of the crude 
reaction product showed only hydrodehalogenation of the starting material. Silica gel 
chromatography combined with further spectral analysis confirmed that the reaction did 
not proceed. 
 
 
 
2.14 2.3 
2.15 
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2.4.5 1-(2,5-dimethylphenyl)-2,7-dimethylnaphthalene (2.16) 
 
 
Pd(PPh3)4, K2CO3
Br
B(OH)2
 
 
 
 
To a round bottom flask equipped with a magnetic stir bar were added 1.5 g (6.4 
mmol) of 1-bromo-2,7-dimethylnaphthalene (2.12), 1.1 g (7.0 mmol) of 2,5-
dimethylphenylboronic acid (2.15), 360 mg (0.3 mmol) of tetrakis-
(triphenylphosphine)palladium, 1.3 g (9.6 mmol) of potassium carbonate, 90 mL of 
toluene, 90 mL ethanol, and 18 mL water.  The mixture was degassed with nitrogen for ~ 
10 min and then stirred in a 70 
o
C silicon oil bath.  After stirring for 2 days, the mixture 
was allowed to cool to room temperature, diluted with dichloromethane and washed with 
10% HCl solution (!2), water (!1) and brine.  The organic layer was then dried over 
magnesium sulfate and then filtered.  The solvent was removed under reduced pressure to 
provide a brown tinted oil.  The crude product was then purified by silica gel 
chromatography and hexanes to provide 1.6 g (99% yield) of a colorless oil 2.16: 
1
H 
NMR (500 MHz, CDCl3) " 7.72 (d, J = 8.1 Hz, 1H), 7.71 (d, J = 8.1 Hz, 1H), 7.33 (d, J = 
8.4 Hz, 1H), 7.24 (d, J = 5.0 Hz, 1H), 7.22 (d, J = 9.1 Hz, 1H), 7.15 (d, J = 9.1 Hz, 1H), 
7.01 (s, 1H), 6.92 (s, 1H), 2.36 (s, 3H), 2.35 (s, 3H), 2.13 (s, 3H), 1.87 (s, 3H); 
13
C NMR 
(125 MHz, CDCl3) " 139.39, 137.24, 135.65, 135.41, 133.80, 133.25, 132.89, 130.84, 
2.12 2.16 
2.15 
 39 
130.43, 129.97, 128.16, 127.87, 127.87, 127.16, 126.91, 124.86, 22.16, 21.27, 20.60, 
19.30; HRMS DART (m/z) [M+H]
+
 calculated for C20H21: 261.1643, found 261.1640. 
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2.4.6 1,8-Chloro-2,7-dimethylnaphthalene (2.17) 
 
 
NCS
ClCl
 
 
 
To an oven dried round bottom flask equipped with a magnetic stir bar were 
added 1.80 g (11 mmol) of 2,7-dimethylnaphthalene, and 3.08 g (23 mmol) of N-
chlorosuccinimide.  The reaction flask was then capped with a rubber septum and purged 
with nitrogen gas.  Anhydrous dimethylformamide (25 mL) was added, and the mixture 
was allowed to stir at room temperature.  After 12 h the mixture was filtered and 
concentrated to an oil.  The crude mixture was then diluted with 100 mL of 
dichloromethane and washed (!2) with a 10% sodium thiosulfate solution. The crude 
products were purified on silica gel with hexanes as an eluent to provide 0.9 g (37% 
yield) of 1,8-dichloro-2,7-dimethylnaphthalene (2.17) as a white solid: mp (70-71 
o
C); 
1
H 
NMR (500 MHz, CDCl3) " 7.60 (d, J = 8.3 Hz, 2H), 7.31 (d, J = 8.3 Hz, 2H), 2.57 (s, 
6H); 
13
C NMR (125 MHz, CDCl3) " 137.52, 134.55, 129.12, 128.62, 128.46, 127.40, 
22.67; HRMS DART (m/z) [M+H]
+
 calculated C12H10Cl2: 
 
 
 
 
 
 
 
 
 
2.17 
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2.4.7 Attempted Synthesis of 1,6,7,10-Tetramethylfluoranthene (2.3) 
 
 
Pd2(dba)3, NHC, Cs2CO3
Cl
B(OH)2
Cl
 
 
 
To a microwave pressure vessel equipped with a stir bar were added 16 mg (0.07 
mmol) of 1,8-chloro-2,7-dimethylnaphthalene (2.17),  12 mg (0.08 mmol) of 2,5-
dimethylphenylboronic acid (2.15), 6 mg (0.007 mmol) of tris(dibenzylidene-
acetone)dipalladium, 6 mg (0.014 mmol) of 1,3-bis(2,6-di-i-propylphenyl)imidazolium 
chloride and 51 mg (0.16 mmol) of cesium carbonate.  The reaction vessel was sealed 
with a rubber microwave septum and then purged with nitrogen gas.  To the reaction 
flask was then added 2.5 mL of dimethylacetamide.  The mixture was then degassed with 
nitrogen for ~ 5 min and then placed in a microwave reactor.  After being irradiated for 
30 min at 180 
o
C the reaction vessel was allowed to cool to room temperature, and the 
contents were then diluted with ~ 50 mL of dichloromethane.  The crude mixture was 
then washed with a 10% HCl solution (!3), water (!1) and brine (!1).  The organic layer 
was then dried over magnesium sulfate, filtered and concentrated under reduced pressure.  
GCMS analysis of the crude mixture showed several products (hydrodehalogenation, 
cross-coupling and starting material), but no cyclized product was observed. 
 
 
 
 
2.3 2.17 
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2.4.8 Attempted Synthesis of 1,6,7,10-Tetramethylfluoranthene (2.3) Conducted at 75 
o
C 
and 120 
o
C  
 
 
Pd(TFA)2
 
 
 
 To a dry round bottom flask equipped with a stir bar were added 15 mg (0.06 
mmol) of 1-(2,5-dimethylphenyl)-2,7-dimethylnaphthalene (2.16), and 19 mg (0.06 
mmol) of palladium (II) trifluoroacetate. The reaction flask was then sealed with a rubber 
septum and purged with nitrogen. To the reaction vessel was then added 8 mL of 
dimethylacetamide by syringe addition. The reaction flask was then placed in a silicon oil 
bath (separate runs were conducted at both 75 
o
C and 120 
o
C using the same reaction 
equivalents and stiochiometry) and allowed to stir for 12 h.  The crude mixture was then 
allowed to cool to room temperature and passed through a celite pad using 
dichloromethane.  The crude mixture was then analyzed by GCMS, which showed 
unreacted starting material, but no product formation (higher oligomers are observed).  
 
 
 
 
 
 
 
 
 
2.16 2.3 
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2.4.9 1,2,5,6-Tetraiodocorannnulene (2.20)
6
 
 
 
CuI, KI, DMF
Br
Br
Br
Br
I
I
I
I
 
 
 
To an oven-dried round bottom flask equipped with a stir bar were added 100 mg 
(0.178 mmol) of 1,2,5,6-tetrabromocorannnulene (2.21), 841 mg (4.417 mmol) of 
copper(I) iodide and 1.61 g (9.718 mmol) of potassium iodide.  The reaction vessel was 
then sealed and purged with nitrogen gas.  Anhydrous dimethylformamide (10 mL) was 
added to the reaction mixture, and the flask was then lowered into a silicon oil bath and 
heated to 150 
o
C.   After being stirred for 1 day, the mixture was allowed to cool to room 
temperature and then diluted with 30 mL of methanol and filtered through a Büchner 
funnel.  To the precipitate was added 20 mL of water, the slurry was then sonicated and 
filtered through a Büchner funnel.  The precipitate was then suspended in diethylether, 
sonicated and filtered through a Büchner funnel to provide 92 mg (70%) of a pale yellow 
powder 2.17: mp (decomposition 310-318 
o
C); 
1
H NMR (400 MHz, CDCl3) ! 7.76 (d, J 
= 8.9 Hz, 2H), 7.72 (s, 2H), 7.68 (d, J = 8.9 Hz, 2H); HRMS DART (m/z) [M+H]
+
 
calculated for C20H6I4: 753.6648, found 753.6605.  
 
 
 
                                                
6
 Sygula, A.; Xu, G.; Marcinow, Z.; Rabideau, P. W. Tetrahedron, 2001, 57, 3637-3644. 
2.21 2.20 
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2.4.10 1,2,5,6,8-Pentabromocorannulene (2.22)
7
 
 
 
Br
Br
Br
Br
Br
Br
Br
Br
Br
Cl2CHCHCl2
Br2
 
 
 
To a 350 mL pressure vessel equipped with a stir bar were added 500 mg (0.884 
mmol) of 1,2,5,6-tetrabromocorannulene (2.21) and 122 mL (18.556 mmol) of a 0.151 M 
solution of bromine in tetrachloroethane.  The pressure vessel was placed in a silicon oil 
bath, and the mixture was allowed to stir for 3 days at 100 
o
C.  The pressure vessel was 
removed from the heating bath and allowed to cool to room temperature.  The crude 
mixture was filtered through a Büchner funnel, and a beige precipitate was collected, 
which was further washed with acetone and dichloromethane to provide 409 mg (72% 
yield) of a light tan solid 2.22. The spectroscopic properties of this material are consistent 
with those previously reported:  
1
H NMR (400 MHz, CDCl3 / CS2) ! 8.08 (s, 1H), 7.93 
(d, J =8.4 Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.87 (d, J = 8.4 Hz, 1H), 7.86 (d, J = 8.0 Hz, 
1H), HRMS DART (m/z) [M+H]
+
 calculated for C20H6
79
Br3
81
Br2: 644.63455, found 
644.63463. 
 
 
 
 
                                                
7
 Bancu, M. Ph.D. Dissertation, Boston College: Chestnut Hill, MA, 2004. 
2.21 2.22 
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2.4.11 Formylcorannulene (2.25)
8
   
 
 
CH3OCHCl2, TiCl4
CHO
 
 
 
To an oven dried flask equipped with a magnetic stir bar was added 100 mg (0.4 
mmol) of corannulene (2.1).  The reaction vessel was then sealed with a rubber septum 
and purged with nitrogen gas.  Anhydrous dichloromethane (40 mL) was added to the 
reaction flask followed by syringe addition of 2 mL (22.1 mmol) of 1,1-
dichloromethylmethyl ether and dropwise addition of 1 mL (9.1 mmol) of titanium 
tetrachloride.  The mixture was allowed to stir at room temperature for 2 h (reaction 
mixture turns red in color) and was then placed in an ice water bath.  Using a 10% HCl 
water solution the mixture was carefully quenched where upon a color change from red to 
yellow was observed.  The crude mixture was then washed with water (!2) and brine 
(!1).  The organics were then collected, dried over magnesium sulfate, filtered and 
concentrated to dryness.  The crude mixture was purified by silica gel chromatography 
2:1 cyclohexane:dichloromethane to provide 97 mg (88% yield) of a light yellow solid 
2.25. The spectroscopic properties of this product match those previously reported: 
1
H 
NMR (400 MHz, CDCl3) " 10.4 (s, 1H), 8.69 (d, J = 8.8 Hz, 1H), 8.40 (s, 1H), 7.92 (d, J 
= 8.8 Hz, 2H), 7.88 (d, J = 8.8 Hz, 1H), 7.87 (d, J = 8.8 Hz, 1H), 7.84 (s, 2H), 7.82 (d, J 
= 8.8 Hz, 1H).    
                                                
8
 Preda, D. Ph.D. Dissertation, Boston College, Chestnut Hill, MA, 2001  
2.1 2.25 
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2.4.12 Hydroxymethylcorannulene (2.26) 
 
 
CHO CH2OH
NaBH4
 
 
 
 
To an oven dry flask equipped with a magnetic stir bar were added 1.03 g (3.7 
mmol) of formylcorannulene (2.25) and 280 mg (7.3 mmol) of sodium borohydride.  The 
reaction vessel was then capped with a rubber septum and purged with nitrogen.  
Anhydrous tetrahydrofuran (390 mL) was then added to the reaction vessel, and the 
mixture was allowed to stir 8 h. The crude mixture was then concentrated to dryness and 
taken back up in dichloromethane and washed with 10% HCl solution (!2), water (!1) 
and brine.  The organic solution was dried over magnesium sulfate and then filtered.  The 
solvent was removed under reduced pressure to give a yellow solid. The crude product 
was then purified by aluminum oxide and diethylether as the eluent to provide 850 mg 
(83% yield) of a pale white product 2.26: mp (167 
o
C); 
1
H NMR (500 MHz, CDCl3) " 
8.00 (d, J = 8.8 Hz, 1H), 7.81 (d, J = 8.8 Hz, 1H), 7.78 (s, 2H), 7.77 (d, J = 8.5 Hz, 1H), 
7.77 (s, 3H), 7.73 (d, J = 8.5 Hz, 1H), 5.25 (s, 2H); 
13
C NMR (125 MHz, CDCl3) " 
139.39, 136.41, 136.25, 135.97, 135.93, 135.92, 131.11, 131.10, 130.91, 130.88, 129.74, 
127.57, 127.50, 127.47, 127.34, 127.34, 127.22, 127.16, 125.50, 125.11, 64.03; HRMS 
DART (m/z) [M+H]
+
 calculated for C20H12O: 280.0888, found 280.0875. 
 
2.25 2.26 
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2.4.13 Chloromethylcorannulene (2.24) 
 
 
CH2OH CH2Cl
PPh3, NCS
 
 
 
 
To a round bottom flask equipped with a stir bar were added 910 mg (3.47 mmol) 
of triphenylphosphine, 539 mg (4.04 mmol) of N-chlorosuccinimide, and 200 mL of 
tetrahydrofuran.  The mixture was allowed to stir for 15 min followed by the addition of 
810 mg (2.89 mmol) of hydroxymethylcorannulene (2.26).  After stirring for 1 day the 
crude mixture was then concentrated to dryness.  The crude solid was taken back up in 
dichloromethane and washed with 10% HCl solution (!2), water (!1) and brine.  The 
organic solvent was dried over magnesium sulfate, filtered and concentrated to dryness. 
The crude product was then purified by aluminum oxide chromatography with 3:1 
cyclohexane:dichloromethane to provide 560 mg (65% yield) of a yellow product 2.24: 
mp (192-196 
o
C); 
1
H NMR (500 MHz, CDCl3) " 8.03 (d, J = 8.7 Hz, 1H), 7.87 (d, J = 8.7 
Hz, 1H), 7.81 (s, 3H), 7.80 (d, J = 8.5 Hz, 1H) 7.79 (s, 2H), 7.75 (d, J = 8.5 Hz, 1H) 5.13 
(s, 2H); 
13
C NMR (125 MHz, CDCl3) " 136.31, 136.28, 136.19, 135.87, 135.81, 135.60, 
131.35, 131.11, 130.94, 130.57, 129.39, 127.90, 127.75, 127.62, 127.58, 127.58, 127.36 
127.32, 127.03, 124.73, 44.55; HRMS DART (m/z) [M+H]
+
 calculated for C20H12Cl: 
299.0628, found 299.0614. 
 
2.24 2.26 
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Chapter 3 
FVP Route to Indenocorannulenes 
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3.1  Introduction 
 The first reported application of Flash Vacuum Pyrolysis (FVP) in the synthesis 
of a geodesic polyarene was described by Scott et al., in which a planar polycyclic 
aromatic hydrocarbon (PAH) is transformed into a curved C20H10 corannulene (2.1) 
subunit of C60 (3.1) (Scheme 3-1).
1
  This important initial communication proved that 
there was substantial opportunity for continued exploration and growth in the developing 
field of FVP assisted curved hydrocarbon synthesis.  An important discovery in that 
initial report was the synthetic value of halogens applied in concert with FVP. When 
exposed to elevated temperatures, halogenated substrates double as designer radical 
synthons.
2
  Over the years, the Scott group has successfully applied this strategy in the 
synthesis of several geodesic polyarenes, which had otherwise been inaccessible through 
solution phase methods.
3
   
Scheme 3-1.  First FVP Synthesis of a Geodesic Polyarene   
 
 
                                                
1
 Scott, L. T.; Hashemi, M. M.; Meyer, D. T.; Warren, H. B. J. Am. Chem. Soc. 1991, 113, 7082-7084. 
2
 Aryl halides generate aryl radicals by homolytic cleavage of carbon-halogen bonds.  
3
 For examples, see: (a) Scott, L. T. Pure Appl. Chem. 1996, 68, 291-300. (b) Hagen, S.; Bratcher, M. S.; 
Erickson, M. S.; Zimmermann, G.; Scott, L. T. Angew. Chem., Int. Ed. 1997, 36, 406-408. (c) Tsefrikas, V. 
M.; Scott, L. T. Chem. Reviews 2006, 106, 4868-4884. 
Br2C CBr2
HH
FVP FVP
10% yield 40% yield
2.1 
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 Of notable interest, the landmark rational synthesis of C60 (3.1) was accomplished 
using this same approach; intramolecular trapping of an aryl halide derived radical using 
FVP provides the target structure (Scheme 3-2).
4
  Building on these results, we began a 
campaign to design and synthesize a carbon scaffold precursor around corannulene (2.1), 
which could be multiply indenoannulated.  The goal of this project would be not only to 
prepare the largest geodesic polyarene to map onto C60 (3.1), but also to provide the first 
C5v symmetric carbon nanotube endcap. The lure of this synthetic target stems from both 
the synthetic challenge it presents and its potential to serve as a template for growth of a 
single chirality armchair carbon nanotube.
5
  
Scheme 3-2.  Rational Synthesis of C60 Using FVP 
 
 
 
                                                
4
 (a) Scott, L. T.; Boorum, M. M.; McMahon, B. J.; Hagen, S.; Mack, J.; Blank, J.; Wegner, H.; de Meijere, 
A. Science 2002, 295, 1500-1503. (b) Scott, L. T. Angew. Chem., Int. Ed. 2004, 43, 4994-5007. 
5
 For work related to nanotube templates, see: Steinberg, B. D.; Scott, L. T. Angew. Chem., Int. Ed. 2009, 
48, 5487-5491.   
Cl
Cl
Cl
FVP, 1100 oC, 0.01 mmHg
1% yield
3.1 
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3.1.1  Proof of Concept Model for a Geodesic Polyarene Bowl 
The total synthesis of a C50H10 endcap (3.2) is intimidating based just on the size 
of the structure alone but this speaks nothing of the imposing bond curvature and strain of 
the molecular giant (Scheme 3-3).  Each of the six five-membered rings in 
pentaindenocorannulene
6
 (3.3) are responsible for the total curvature of the endcap 
precursor. The prospect of synthesizing such highly strained five-membered rings in 
solution seemed insurmountable; therefore, we decided to concentrate our energies on an 
FVP based synthesis.  In an effort to develop first a standard set of FVP reaction 
conditions for the multi-indeno annulation step, a proof of concept model was put forth 
where a more synthetically accessible tetra-substituted corannulene C44H18X4 (3.4) could 
be investigated (Scheme 3-3). 
Scheme 3-3.  Proposed Synthesis of a C50H10 Nanotube End-Cap 
 
                                                
6
 Complete name: pentaindeno[1,2,3-bc; 1!,2!,3!-ef; 1!!,2!!,3!!-hi; 1!!!,2!!!,3!!!-kl; 1!!!!,2!!!!,3!!!!-no]corannulene. 
X
X
X
X
X
X
X
X
X
3.2 3.3 
3.4 3.5 
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3.1.2 Retrosynthetic Analysis Leading to Tetraindenocorannulene  
 Retroanalysis of tetraindenocorannulene
7
 (3.5) is envisioned to proceed through a 
simple two-step disconnection pathway.  The tetraindenoannulated structure 3.5 could be 
accessed from 1,2,5,6-tetrakis(ortho-chlorophenyl)corannulene (3.6), which 3.6 could be 
synthesized directly from the tetrahalogenated corannulene 2.18 via a four-fold cross-
coupling reaction (Scheme 3-4). 
Scheme 3-4.  Retrosynthesis of a C44H18 Geodesic Polyarene 
 
 
3.1.3 Previous Attempted Pyrolytic and Non-Pyrolytic Syntheses of 
Tetraindenocorannulene  
Initial work reported by Rabideau et al. has shown that 1,2,5,6-
tetrabromocorannulene (2.18) can be derivatized with a variety of coupling partners, 
including Me, Ph, and alkynyl substituents (Scheme 3-5).
8
  These results clearly show the 
synthetic utility of 2.18 as well as emphasize its potential to serve as a gateway molecule 
to larger bowl shaped PAHs.      
                                                
7
 Complete name: tetraindeno[1,2,3-bc; 1!,2!,3!-ef; 1!!,2!!,3!!-hi; 1!!!,2!!!,3!!!-kl]corannulene. 
8
 Sygula, A.; Rabideau, P. W. J. Am. Chem. Soc. 2000, 122, 6323-6324. 
Cl
Cl
Cl
Cl
Br
Br
Br
Br
2.18 3.6 3.5 
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Scheme 3-5.  Synthetically Accessible Compounds from 1,2,5,6-Tetrabromocorannulene  
 
Following the same derivatization approach, M. Bancu has shown that a four-fold 
Suzuki-Miyaura coupling incorporating halogenated phenyl substituent also works well.
9
 
When 2-chlorophenylboronic acid (3.7) is selected as a coupling partner for 2.18, the 
reaction proceeds in greater than 70% isolated yield or an average 91% yield per bond. 
From 1,2,5,6-tetrakis(ortho-chlorophenyl)corannulene (3.6), both a pyrolytic and a non-
pyrolytic approach were pursued to form the requisite five-membered rings found in 
tetraindenocorannulene (3.5).  M. Bancu had shown that a solution phase, palladium 
catalyzed mono indenoannulation of corannulene could be used to form five-membered 
rings (palladium catalyzed indenoannulations, see chapter 4).
10
   
 
                                                
9
 Bancu, M. Ph.D. Dissertation, Boston College: Chestnut Hill, MA, 2004. 
10
 For early work using palladium catalysis to synthesize a geodesic polyarene, see: Reisch, H. A.; 
Bratcher, M. S.; Scott, L. T. Org. Lett. 2000, 2, 1427-1430.  
Br
Br
Br
Br
Me
Me
Me
Me
Ph
Ph
Ph
Ph
CCTMS
TMSCC
TMSCC
CCTMS
76% 66% 86%
2.21 
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 Based on this result, a non-pyrolytic synthesis of 3.5 was advanced under similar 
palladium catalyzed intramolecular arylation conditions, but it was ultimately 
unsuccessful.  Concurrent with the non-pyrolytic synthesis of 3.5, results from the FVP 
synthesis suggested that the desired product was formed. Mass spectral analysis of the 
crude FVP pyrolosate confirmed the presence of a mass related to a C44H18 isomer
11
 
along with a minor phenyl loss product, the latter of which is presumed to be a 
triindenoannulated isomer. The crude pyrolosate was subjected to preparative silica gel 
and aluminum oxide chromatography, and in both cases, no separation of the products 
was realized by M. Bancu.  
Scheme 3-6.  M. Bancu’s Attempted Synthesis of Tetraindenocorannulene 
 
 
 
                                                
11
 Total of nine possible C44H18 isomers including tetraindenocorannulene. 
Br
Br
Br
Br
Cl
Cl
Cl
Cl
FVPPd
70%
3.5 3.6 3.5 
2.18 
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3.2  Results and Discussion 
3.2.1 Current Work in the Synthesis of 1,2,5,6-Tetrakis(ortho-
chlorophenyl)corannulene 
Following our group’s previously established synthesis of 1,2,5,6-tetrakis(ortho-
chlorophenyl)corannulene (3.6), we found that when tetrabromocorannulene 2.18 was 
coupled with an excess of 2-chlorophenylboronic acid (3.7) the desired product is 
provided in excellent yield after two days. Continued investigation into the synthesis of 
3.6 lead to the discovery that through microwave irradiation instead of conventional 
heating results in completion of the reaction in less than an hour and provides comparable 
yields to those obtained with traditional heating methods.
12
 The only drawback to this 
alternative heating procedure has been the limited scale under which the reaction can be 
run; this limitation is due to the size of the microwave reaction vessel.
13
   
3.2.2 FVP Synthesis of Tetraindenocorannulene 
Knowing that M. Bancu’s previous FVP synthesis of tetraindenocorannnulene 
(3.5) provides mass spectral data suggesting the formation of four new rings, we followed 
this lead with a goal of developing methods to separate the product from the reaction 
                                                
12
 The first reported use of microwave heating to promote a cross-coupling reaction: Hallberg, A.; Larhed, 
M. J. Org. Chem. 1996, 61, 9582-9584. 
13
 Subsequent to this work a large-scale microwave reaction vessel was purchased, this reaction has not 
been investigated using the larger reaction vessel. 
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mixture.
14
 The crude pyrolysate from our first FVP experiment using 1,2,5,6-
tetrakis(ortho-chlorophenyl)corannulene (3.6) was subjected to mass spectral analysis, 
which confirmed the mass of our desired product along with the mass of several phenyl 
loss products, including the mass of a C26H12 isomer (potentially 
monoindenocorannulene
15
 (3.8)).  Separating such a mixture would seem almost hopeless 
just considering the number of potential C44H18 isomers (Scheme 3-7), but based on 
previous PAH separations in our lab we were encouraged to move forward.    
Figure 3-7.  Potential C44H18 Isomers Formed in FVP Synthesis  
 
                                                
14
 Mass analysis obtained by MALDI, high resolution masses found; HRMS for C44H18: Calc’d 546.1408, 
found 546.1401, HRMS for C38H16: Calc’d 472.1252, found 472.1260.  
15
 Complete name: indeno[1,2,3-bc]corannulene. 
3.5 
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Of critical importance to our success in separating the complex FVP reaction 
mixture was the work of a previous graduate student, L. Peng.
16
 What L. Peng discovered 
through a great deal of effort in her separation of a mixture of indenoannulated pyrenes, 
was the tendency of carbon bowls to travel faster on silica gel chromatography as they 
became more curved.
17
  If this trend held true for the mixture of indenoannulated 
corannulenes, we could expect the first product to be eluted in a silica gel separation to be 
tetraindenocorannulene (3.5) followed by triindenocorannulene
18
 (3.9, 3.10), continuing 
in order to monoindenocorannulene (3.8) (a detailed discussion on curvature is covered in 
section 3.2.4).  While we tried several times using general silica gel chromatography to 
purify the mixture of multiply indenoannulated corannulenes, we were never able to 
completely separate the products.  The most effective method for separating the 
chromatographically similar compounds was found to be a sequence of silica gel 
chromatography and HPLC.  Major impurities (amorphous carbon) from the pyrolosate 
were removed in an initial silica gel separation and the semi-pure pyrolysate was then 
loaded onto a reverse phase HPLC column.
19
  
 In agreement with our hypothesis with respect to curved PAH retention times and 
silica gel chromatography, the indenoannulated corannulene derivatives should undergo a 
transposition of retention time on a reverse phase column, eluting from the least curved to 
                                                
16
 Peng, L. Ph.D. Dissertation, Boston College: Chestnut Hill, MA, 2006. 
17
 For related work see: Wegner, H. A.; Reisch, H.; Rauch, K.; Demeter, A.; Zachariasse, K. A.; de 
Meijere, A.; Scott, L. T. J. Org. Chem. 2006, 71, 9080-9087. 
18
 There exist two isomers. Complete name: triindeno[1,2,3-bc; 1!,2!,3!-ef; 1!!,2!!,3!!-hi]corannulene. 
Complete name: triindeno[1,2,3-bc; 1!,2!,3!-ef; 1!!,2!!,3!!-kl]corannulene. 
19
 The amorphous carbon soot could be removed using a short silica gel plug eluted with copious amounts 
of dichloromethane. 
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most curved.  In our initial HPLC experiments an analytical column was used to provide 
adequate separation between product peaks.  When we attempted the same separation 
using a semi-preparative column, poor resolution between the product peaks thwarted all 
purification attempts.  We discovered that upon increasing the concentration of the 
sample mixture in the semi-preparative column solubility issues dominated (streaking and 
precipitation); this characteristic is due, at least in part, to the rigid all carbon scaffold and 
the shear size of the products. The product’s limited solubility severely handicapped the 
selection of HPLC mobile phases from which we could choose.  Eventually a non-
aqueous mobile phase solvent system was discovered, which provided solubility to the 
product mixture while still affording effective separation between products.  In the end, 
the all organic mobile phase we chose was comprised of 90% acetonitrile, and 10% 
dichloromethane; under these conditions, we were then able to isolate what we believed 
to be six different indenoannulated compounds based on their mass to charge ratio 
(Figure 3-8).
20
  
 
 
 
 
 
 
 
                                                
20
 Each peak in the HPLC chromatogram was analyzed by mass-spectrometry and the corresponding 
structures were assigned based on the observed masses.   
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Figure 3-8. Semi-Pure Pyrolosate HPLC Separation of Indenocorannulenes 
 
 
 
3.8 
3.12 
3.11 
3.10 
3.9 
3.5 
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3.2.3 NMR Modeling and Characterization 
Having shown that we could separate a mixture of six different 
indenocorannulenes by HPLC as observed by their molecular weights, we began work 
toward obtaining a 
1
H
 
NMR spectrum of each compound.  Unpublished results by M. 
Bancu dealing with both monoindenocorannulene (3.8) and the diindenocorannulenes 
(ortho- and para-)
21
 (3.11, 3.12) provided us with authentic 
1
H
 
NMR and 
13
C
 
NMR 
spectra of the respective compounds.
22
  A comparison of the authentic 
1
H
 
NMR spectra of 
3.8, 3.11 and 3.12 to 
1
H
 
NMR spectra obtained from HPLC pyrolysate fractions (13 min, 
14 min and 17 min) provided a positive match of all three indenocorannulenes.  Prior to 
these endeavors 1,2,3-triindenocorannulene (3.9), 1,2,4-triindenocorannulene (3.10) and 
tetraindenocoranulene (3.5) had not been synthesized. We then decided to utilize 
computational modeling to help predict the 
1
H
 
NMR spectra of each product.  We chose 
to first apply geometry optimizations using the B3LYP/6-31G! level of theory for each 
indenoannulated product.  From the individual optimized geometries, we then used gauge 
invariant atomic orbital calculations (GIAO)
23
 to predict 
1
H NMR spectra.  By modeling 
                                                
21
 Complete names respectively: diindeno[1,2,3-bc; 1!,2!,3!-ef]corannulene and diindeno[1,2,3-bc; 1!,2!,3!-
hi]corannulene. 
22
 The spectra 13C NMR for ortho-dindenocorannulene was obtained by Aprahimiam, I. The Hebrew 
University, Jerusalem.  
23
 NMR chemical shifts were calculated by the GIAO method incorporated into the Gaussian 03 suite of 
programs, using the chemical shiftof tetramethylsilane calculated at the same level of theory as the 
reference point: Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria,G. E.; Robb, M. A.; Cheeseman, J. 
R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, K. N.; Burant, J. C.; Millam, J. M.; Iyengar, S. S.; Tomasi, 
J.; Barone, V.; Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A.; Nakatsuji, H.; Hada, M.; 
Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, 
H.; Klene, M.; Li, X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken, V.; Adamo, C.; Jaramillo, J.; 
Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; 
Ayala, P. Y.; Morokuma, K.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich, S.; 
Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; 
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the known 
1
H
 
NMR spectra of 3.8, 3.11 and 3.12 we could then compare the calculated 
proton chemical shifts to the experimentally observed chemical shifts, which allowed us 
to approximate the accuracy with which we might be able to predict the 
1
H
 
NMR spectra 
for compounds 3.9, 3.10 and 3.5. Satisfyingly, when the two sets of data are compared 
side by side (experimental and calculated), not only are the chemical shifts for 3.8, 3.11 
and 3.12 in good agreement (! 0.16 ppm), we also find that for the larger 
indenocorannulenes (3.9, 3.10 and 3.5), the difference between the experimental and 
calculated 
1
H
 
NMR chemical shifts for each is ! 0.18 ppm (Table 3-1).       
Table 3-1. Experimental 
1
H NMR Chemical Shifts of the Indenocorannulenes and 
Theoretical Values Calculated by the GIAO Method through Geometries Optimized by 
Density Functional Theory B3LYP/6-31G*
24
. 
Compound Experimental    
1
H NMR (ppm) 
Calculated     
1
H NMR (ppm) 
Deviation
a
 
(ppm) 
indenocorannulene 7.63 7.59 0.04 
 7.62 7.55 0.07 
 7.62 7.53 0.09 
 7.56 7.52 0.04 
 7.52 7.44 0.08 
 7.19 7.12 0.07 
ortho-diindenocorannulene 7.98 7.85 0.13 
 7.66 7.55 0.11 
 7.56 7.40 0.16 
                                                
Ortiz, J. V.; Cui, Q.; Baboul, A. G.; Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A.; 
Piskorz, P.; Komaromi, I.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; 
Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.; Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; 
Pople, J. A. Gaussian 03; Gaussian, Inc.: Wallingford, CT, 2004. 
24
 Spartan. software; Wavefunction, Inc.: Irvine, CA92612. 
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 7.46 7.36 0.10 
 7.38 7.27 0.11 
 7.29 7.17 0.12 
 7.29 7.17 0.12 
para-diindenocorannulene 7.59 7.53 0.07 
 7.59 7.50 0.09 
 7.55 7.43 0.12 
 7.47 7.41 0.06 
 7.46 7.30 0.16 
 7.18 7.14 0.04 
 7.18 7.13 0.05 
1,2,3-triindenocorannulene 8.05 7.94  0.11 
 8.00 7.91 0.09 
 7.61 7.53 0.08 
 7.38 7.27 0.11 
 7.37 7.25 0.12 
 7.31 7.24 0.07 
 7.28 7.20 0.08 
 7.28 7.19 0.09 
1,2,4-triindenocorannulene 7.96 7.81 0.15 
 7.66 7.53 0.13 
 7.63 7.52 0.11 
 7.54 7.36 0.08 
 7.48 7.30 0.18 
 7.32 7.17 0.15 
 7.32 7.17 0.15 
 7.25 7.15 0.10 
tetraindenocorannulene 7.98 8.02 -0.04 
 7.89 7.93 -0.04 
 7.86 7.90 -0.04 
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 7.52 7.56 -0.04 
 7.27 7.30 -0.03 
 7.25 7.29 -0.04 
 7.23 7.27 -0.04 
 7.19 7.23 -0.04 
 7.19 7.23 -0.04 
  average |dev| 0.09 
a
 Deviation = calculated – experimental. 
3.2.4 Indenocorannulene Series Crystal Structures and Geometric Analysis 
As alluded to earlier, the intensely curved indenocorannulenes are truly molecular 
and geometric oddities with curvatures in some cases that are predicted to exceed even 
C60 (3.1).  A glimpse of this curvature is mirrored through the highly deshielded peaks in 
the 
1
H NMR spectra of 3.5 (as far downfield as 7.98 ppm).  While one can hypothesize 
the geometry of a structure based on chemical shifts and theoretical calculations, this 
however does not provide hard-and-fast data which would be useful in predicting 
physical and spectral data related to similar molecules.  Keeping this in mind, we began a 
series of experiments to grow X-ray quality crystals of each indenocorannnulene by 
varying solvents, temperature and the growth chambers.  Although no single set of 
conditions provided crystals for each product, good results were obtained using a 1:1 
mixture of dichloromethane and carbon disulfide in an NMR tube under slow evaporation 
(growth conditions for each crystal are provided in the experimental sections) (Figure 3-
1).  
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Figure 3-1.  X-Ray Crystal Structures of Indenoannulated Corannulenes
25
  
  
                                                
25
 See experimental details for further crystal structure perspectives. 
3.5 
3.8 
3.12 3.11 
3.10 3.9 
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3.2.5 Indenocorannulene Series, Crystal Structures and Computational Geometric 
Analysis  
Having been rewarded with X-ray crystal structures of each of the six 
indenocoranulenes, we began comparing bond lengths and bond angles to those 
calculated. Of particular interest is the degree of carbon bond pyramidalization observed 
in the trough of each carbon bowl.  Calculations predict four out of six of the 
indenocorannulenes contain carbon atoms more pyramidalized than even C60 (3.1).  In 
addressing this curvature, we chose to use Haddon’s p-orbital axis vector (POAV) 
analysis.
26
  As a point of reference, planar trigonal atoms such as those found in benzene 
have POAV angles of 0.0°, whereas the hub carbon atoms of corannulene have POAV 
angles of 8.2°, and the more highly pyramidalized atoms of C60 (3.1) have POAV angles 
of 11.6° (Table 3-2).
27
  The pyramidalization of the carbon atoms in each product is a 
result of successive indenoannulations, where the peri-positions on the rim of 
corannulene are bridged, forcing the carbon bonds out of planarity to provide 
distinctively curved structures. After comparing the calculated geometries to the 
experimental geometries, we find the B3LYP/6-31G! level of theory more than 
satisfactory in predicting the geometric proportions of each product (Table 3-2).  
 
                                                
26
 (a) Haddon, R. C.; Scott, L. T. Pure Appl. Chem. 1986, 58, 137. (b) Haddon, R. C. J. Am. Chem. Soc. 
1990, 112, 3385–3389. 
27
 The term hub and rim are commonly accepted nomenclature for defining the five interior carbon atoms 
of corannulene and the ten methine carbon atoms of corannulene, see: Borchardt, A.; Fuchicello, A.; 
Kilway, K. V.; Baldridge, K. K.; Siegel, J. S. J. Am. Chem. Soc. 1992, 114, 1921-1923.  
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Table 3-2. POAV Angles at the Interior Five-Membered Ring Carbon Atoms of the 
Indenocorannulenes as Determined Experimentally by X-Ray Crystallography and 
Theoretically by Geometry Optimizations through Density Functional Theory (B3LYP/6-
31G*) 
compound X-Ray POAVa 
(Å) 
DFT POAV 
(Å) 
deviationb    
(Å) 
indenocorannulene 8.91 8.96 -0.05 
 9.83 9.85 -0.02 
 11.15 11.00 0.15 
ortho-diindenocorannulene 8.87 9.44 -0.57 
 9.79 10.13 -0.34 
 11.75 11.80 -0.05 
para-diindenocorannulene 10.41 10.30 0.11 
 10.93 11.09 -0.16 
 11.20 11.40 -0.20 
1,2,3-triindenocorannulene 10.28 10.41 -0.13 
 11.81 11.85 -0.04 
 12.41 12.37 0.04 
1,2,4-triindenocorannulene 11.09 11.20 -0.11 
 11.52 12.12 -0.60 
 12.01 12.63 -0.62 
tetraindenocorannulene 11.43 11.17 0.26 
 12.07 12.02 0.05 
 12.45 12.39 0.06 
  average |dev| 0.2 
aThe POAV (X-Ray) angles reported here are the values obtained by averaging the POAV angles of 
symmetry related carbon atoms, assuming Cs-symmetry for all compounds.  The angles used from the X-
ray data all carry an uncertainty of ± (3°) this is can be used to calculate the maximum and minimum 
possible POAV angles e.g., indenocorannulene (8.29°min 9.44°max) (9.30°min 10.34°max) (10.17°min 
11.66°max).    
bdeviation = POAV (X-Ray) – POAV (DFT) 
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 Applications which have generated interest for “bowl” shaped molecules include 
host guest chemistry,28 metal ligand bond properties29 and materials applications.30 Of 
common interest to this topic, which has yet to be discussed are the cavity depths of each 
individual bowl shaped indenocorannulene.  We have chosen to define the bowl depth as 
the distance between the plane containing the five-membered ring in the corannulene 
moiety and the plane of the ten carbon atoms on the corannulene rim.  Using this 
characterization method, we calculated the bowl depths for all six indenocorannulenes 
using the density functional B3LYP/6-31G! level of theory.  Once again we found 
excellent agreement between the calculated and experimental data (Table 3-3).   
Table 3-3.  Bowl Depths from Five-Membered Ring Hub to the 10 Carbon Atoms of the 
Corannulene Atoms of the Corannulene Rim in the Indenocorannulenes as Determined 
Experimentally by X-ray Crystallography and Theoretically by Geometry Optimizations 
through Density Functional Theory (B3LYP/6-31G!) 
 
compound 
bowl depth 
X-ray (Å) 
bowl depth 
DFT (Å) 
deviationa 
(Å) 
indenocorannulene 1.065 1.060 -0.005 
ortho-diindenocorannulene 1.157 1.190 +0.033 
para-diindenocorannulene 1.209 1.224 +0.015 
1,2,3-triindenocorannulene 1.272 1.283 +0.011 
1,2,4-triindenocorannulene 1.298 1.309 +0.011 
tetraindenocorannulene 1.378 1.366 -0.012 
                                                
28 Sygula, A.; Fronczek, F. R.; Sygula, R.; Rabideau, P. W.; Olmstead, M. M. J. Am. Chem. Soc. 2007, 
129, 3842-3843. 
29 Sevryugina, Y.; Jackson, E. A.; Scott, L. T.; Petrukhina, M. A. Inorg. Chim. Acta. 2008, 361, 3103-
3108.  
30 Pappo, D.; Mejuch, T.; Reany, O.; Solel, E.; Gurram, M.; Keinan, E. Org. Lett. 2009, 11, 1063-1066. 
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  average |dev|  
corannulene (for comparison) 0.870 0.858  
      
a
 Deviation = calculated – experimental. 
3.3 Conclusions 
 The application of FVP in the synthesis of highly curved PAHs has benefited 
greatly from the use of halogen designed radical precursors.  This advancement has 
allowed for greater creativity in synthesis design and development while expanding 
reaction scopes.  Of equal importance to the overall design of a FVP reagent one might 
consider latent reactivity (e.g. single bond attachments).  We have shown in the example 
of 1,2,5,6-tetrakis(ortho-chlorophenyl)corannulene that a latent reaction (phenyl loss) can 
be as fruitful as the expected reaction.  Through examples such as these we hope to 
continue to broaden the field of FVP chemistry.      
3.4 Experimental Procedures 
3.4.1 General Experimental Procedures  
All commercially available chemicals and solvents were used without further 
purification unless specified.  Anhydrous solvents were either purchased or were obtained 
from a six tap (dichloromethane, tetrahydrofuran, toluene, 1,2-dichlorobenzene, N,N-
dimethylacetamide and carbon disulfide) Glass Contour solvent purification system.  
Proton and Carbon NMR were taken with a Varian 400 or 500 MHz NMR spectrometer.  
Chemical shifts are reported in ppm downfield from TMS in chloroform-d (!H = 7.26 
ppm, !C = 77.16 ppm), dichloromethane-d2 (!H = 5.32 ppm, !C = 53.80 ppm) as the 
 80 
standard reference.  Preparative thin layer chromatography was carried out with Analtech 
silica GF or Alumina GF plates.  Column chromatography was carried out with either 
Sorbet Technologies standard grade silica gel (porosity = 60 Å, particle size = 32-63 µm) 
or Sigma-Aldrich aluminum oxide, activated, neutral Brockmann I, standard grade (~150 
mesh, 58 Å). HPLC purification was preformed on a Waters 600 instrument equipped 
with a Supelco analytical LC-PAH 25 cm ! 4.6 mm, 5µm HPLC column and a 
semipreparative Supelco LC-PAH 25 cm ! 21.2 mm, 5µm HPLC column, both 
connected to a Waters 2996 photodiode array detector.  UV-vis spectra were obtained 
with a Hewlett Packard model 8452A diode array spectrophotometer.  High resolution 
mass spectra were obtained with time of flight mass spectrometers at the mass 
spectrometry center at Boston College.      
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3.4.2 1,2,5,6-Tetrakis(ortho-chlorophenyl)corannulene (3.6) 
 
To a round bottom flask equipped with a magnetic stir bar were added 0.200 g 
(0.36 mmol) of 1,2,5,6-tetrabromocorannulene (2.21), 0.266 g (1.71 mmol) of 2-
chlorophenylboronic acid (3.7), 0.066 g (0.057 mmol) of tetrakis(triphenyl-
phosphine)palladium, and 0.589 g (4.26 mmol) of potassium carbonate. A solvent 
mixture of 8 mL of toluene, 8 mL of ethanol and 2 mL of water was then added to the 
vessel.  Nitrogen gas was then bubbled through the mixture; the mixture was then cooled 
to –78 °C, evacuated, thawed and refilled with nitrogen (!3). The mixture was allowed to 
stir under a nitrogen atmosphere for 36 h at 85 °C.  The solution was allowed to cool to 
22 
o
C and was then diluted with 50 mL of dichloromethane.  The resulting solution was 
then washed with 50 mL of 10% HCl solution, 50 mL of water (!2), and 50 mL of brine.  
The crude reaction mixture was then dried over anhydrous magnesium sulfate, filtered, 
and concentrated under reduced pressure.  Chromatography on aluminum oxide with 
hexanes:dichloromethane 8:1 as eluant provided 0.227 g (91% yield) of a light yellow 
powder as a mixture of stereoisomers.  The spectroscopic properties of this material are 
consistent with those reported previously: 
1
H NMR (400 MHz, CDCl3) " (ppm) multiple 
signals between the ranges 7.80 to 6.95. 
Pd(PPh3)4, K2CO3
Toluene/EtOH/H2O
Br
Br
Cl
Cl
B(OH)2
Cl
Cl
Cl
Br
Br
3.6 2.21 
3.7 
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3.4.3 Microwave synthesis of 1,2,5,6-Tetrakis(ortho-chlorophenyl)corannulene (3.6) 
 
To a microwave vessel equipped with a magnetic stir bar were added 0.050 g 
(0.09 mmol) of 1,2,5,6-tetrabromocorannulene (2.18), 0.067 g (0.43 mmol) of 2-
chlorophenylboronic acid (3.7), 0.016 g (0.014 mmol) of tetrakis(triphenyl-
phosphine)palladium, and 0.148 g (1.07 mmol) of potassium carbonate. A solvent 
mixture of 2 mL of toluene, 2 mL of ethanol and 0.1 mL of water was then added to the 
reaction vessel was capped and nitrogen gas was bubbled through the reaction mixture 
for 10 min.  The vessel was then irradiated in a microwave reactor for 30 min at constant 
temperatue of 115 °C.  The crude mixture was then allowed to cool to room temperature, 
transferred to a separatory funnel and then diluted with 25 mL of dichloromethane.  The 
mixture was then washed with 10 mL of 10% HCl solution, 10 mL of water (!2), and 10 
mL of brine.  The crude mixture was then dried over anhydrous magnesium sulfate, 
filtered, and concentrated under reduced pressure.  Chromatography on aluminum oxide 
with hexanes:dichloromethane 8:1 as eluant provided 0.051 g (77% yield) of a light 
yellow powder as a mixture of stereoisomers.  The spectroscopic properties of this 
material are consistent with those reported previously: 
1
H NMR (400 MHz, CDCl3) " 
(ppm) multiple signals between the ranges 7.80 to 6.95. 
Pd(PPh3)4, K2CO3
Toluene/EtOH/H2O
Br
Br
Cl
Cl
B(OH)2
Cl
Cl
Cl
Br
Br
3.6 2.21 
3.7 
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3.4.4 FVP Synthesis of: monoindeno[1,2,3-bc]corannulene (3.8), diindeno[1,2,3-
bc:1!,2!,3!-ef]corannulene (3.11), diindeno[1,2,3-bc:1!,2!,3!-hi]corannulene (3.12), 
triindeno-[1,2,3-bc:1!,2!,3!-ef:1!!,2!!,3!!-hi]corannulene (3.9), triindeno[1,2,3-bc:1!,2!,3!-
ef:1!!,2!!,3!!-kl]corannulene (3.10), and tetraindeno[1,2,3-bc:1!,2!,3!-ef:1!!,2!!,3!!-
hi:1!!!,2!!!,3!!!-kl]corannulene (3.5). 
 
Cl
Cl
Cl
Cl
FVP, 1100 oC
0.5 mm Hg
3.5 
3.8 
3.11 3.12 
3.10 3.9 
3.6 
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A 0.700 g sample (1.01mmol) of 1,2,5,6-tetrakis(2-chlorophenyl)corannulene 
(3.6) dispersed on quartz sand was placed in a sample boat and sublimed at reduced 
pressure into a gentle stream of nitrogen carrier gas. A constant pressure of 0.5 mm Hg 
and a pyrolysis oven temperature of 1100 °C were maintained for the entire pyrolysis. 
The sublimate was passed through a hot quartz pyrolysis tube, and the pyrolysate was 
collected in a cold trap as previously described.
1
 At the end of 7 h, none of the yellow 
tetrakis(2-chlorophenyl)corannulene (3.6) could be seen in the sample boat. The pyrolysis 
was stopped, and the furnaces were allowed to cool.  The pyrolysate which condensed in 
the quartz tube and the cold trap were collected to provide 0.194 g of crude product. The 
crude mixture was chromatographed on aluminum oxide with carbon disulfide to elute an 
orange colored product (0.140 g).  The crude material was then subjected to reverse phase 
HPLC with acetonitrile as the eluant, which provided monoindeno[1,2,3-
bc]corannulene
2
 (3.8) (< 0.001 g) at 13 min: mp (195-197 °C); 
1
H NMR (500 MHz, 
CDCl3) ! 7.639 (AA! of AA"BB", 2H), 7.638 (d, J=8.5 Hz, 2H), 7.636 (s, 2H), 7.57 (d, 
J=8.5 Hz, 2H), 7.52 (s, 2H), 7.20 (BB" of AA"BB", 2H); 
13
C NMR (125 MHz, CDCl3) ! 
144.77, 141.43, 139.90, 139.79, 138.64, 137.92, 137.74, 130.19, 128.57, 128.44, 127.26, 
127.04, 122.15, 121.89; UV-vis #max (CH2Cl2) nm (log $): 338 (4.18), 312 (4.33), 272 
(4.63).  HRMS DART (m/z) [M+H]
+
 calculated C26H13: 325.1017, found 325.1023. 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 (a) Tsefrikas, V. M.; Scott, L. T. Chem. Reviews 2006, 106, 4868 - 4884. (b) Necula, A.; Scott, L. T. J. 
Anal. Appl. Pyrolysis 2000, 54, 65-87. 
2 See Cambridge Crystal Data Base for X-ray crystal data CCDC 747825. Crystal were grown by 
deposition from the gas phase conducted at 178 °C over three weeks.   
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Diindeno[1,2,3-bc:1! ,2! ,3!-hi]corannulene
3
 (3.12) (0.011 g) at 14 min: mp (267-268 
°C); 
1
H NMR (400 MHz, CD2Cl2) ! 7.61 (m, 4H), 7.56 (s, 2H), 7.48 (s, 2H), 7.19 (m, 
4H); 
13
C NMR (100 MHz, CD2Cl2) ! 129.55, 128.87, 128.75, 127.42, 125.41, 122.90, 
121.86; UV-vis "max (CH2Cl2) nm (log #): 332 (4.77), 270 (5.04); HRMS (EI, 70 eV) 
(M
+
) calculated C32H14: 398.1095, found: 398.1095.!  Diindeno[1,2,3-bc:1! ,2! ,3!-
ef]corannulene
4
 (3.11) (0.010 g) at 17 min: mp (265-267 °C); 
1
H NMR (400 MHz, 
CD2Cl2) ! 7.93 (dd, 2H), 7.61 (dd, 2H), 7.49 (s, 2H), 7.39 (d, J = 8.8 Hz, 2H), 7.32 (d, J 
= 9.2 Hz, 2H), 7.23 (m, 4H); 
13
C NMR (100 MHz, CD2Cl2) ! 129.32, 129.24, 129.18, 
124.53, 122.82, 122.52, 122.37; UV-vis "max (CH2Cl2) nm (log #): 340 (3.95), 266 (4.38); 
HRMS (EI, 70 eV) (M
+
) calculated for C32H14: 398.1095, found 398.1095.! 
Triindeno[1,2,3-bc:1! ,2! ,3!-ef:1! ! ,2! ! ,3! !-kl]corannulene
5
 (3.10) (0.008 g) at 28 min: 
mp (>300 °C); 
1
H NMR (500 MHz, CS2 and CD2Cl2) ! 7.96 (d-br, J = 6.1 Hz, 2H), 7.67 
(d-br, J = 6.1 Hz, 2H), 7.63 (m, 2H ), 7.53 (s, 2H), 7.48 (s, 2H), 7.32 (m, 4H), 7.25 (m, 
2H); UV-vis "max (CH2Cl2) nm (log #): 348 (4.39), 310 (3.90), 272 (3.92); HRMS (EI, 70 
eV) (M
+
) calculated for C38H16: 472.1252, found 472.1260.! Triindeno[1,2,3-bc:1! ,2! ,3!-
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3 See Cambridge Crystal Data Base for X-ray crystal data CCDC 747821.  Crystals were grown by slow 
evaporation from dichloromethane in a NMR tube. 
4 See Cambridge Crystal Data Base for X-ray crystal data CCDC 747820. Crystal were grown by 
deposition from the gas phase at elevated temperatures, crystals can also be grown by slow evaporation 
from dichloromethane in a NMR tube. 
5 See Cambridge Crystal Data Base for X-ray crystal data CCDC 747821.  Crystals were grown by slow 
evaporation from a 1:1 mixture of dichloromethane:carbondisulfide in a NMR tube. 
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ef:1! ! ,2! ! ,3! !-hi]corannulene
6
 (3.9) (0.008 g) at 36 min: mp (348-352 °C); 
1
H NMR (500 
MHz, CS2 and CD2Cl2) ! 8.09 (m, 2H), 8.03 (d-br, J = 6.8 Hz, 2H), 7.63 (d-br, J = 6.8 
Hz, 2H), 7.42 (s, 2H), 7.40 (m, 2H), 7.35 (s, 2H), 7.30 (m, 4H); 
13
C NMR (125 MHz, CS2 
and CD2Cl2) ! 129.35, 129.26, 128.72, 128.52, 125.40, 125.36, 122.58, 121.82; UV-vis 
"max (CH2Cl2) nm (log #): 372 (3.66), 354 (3.63), 322 (3.61), 264 (4.10); HRMS (EI, 70 
eV) (M
+
) calculated for C38H16: 472.1252, found: 472.1258.! ! Tetraindeno[1,2,3-
bc:1! ,2! ,3!-ef:1! ! ,2! ! ,3! !-hi:1! ! ! ,2! ! ! ,3! ! !-kl]corannulene
7
 (3.5) (0.006 g) at 85 min: mp 
(capillary sealed under Ar) no color change or phase change up to 400 °C;  
1
H NMR (500 
MHz, CS2 and CD2Cl2) ! 8.07 (m, 2H), 8.01 (m, 2H), 7.96 (d-br, J = 6.2 Hz, 2H), 7.59 
(d-br, J = 6.2 Hz, 2H), 7.38 (s, 2H), 7.35 (m, 4H), 7.25 (m, 4H);  
13
C NMR (125 MHz, 
CS2 and CD2Cl2) ! 150.14, 143.90, 141.69, 141.04, 140.48, 140.35, 140.23, 139.61, 
139.54, 139.44, 139.35, 138.89, 138.86, 138.71, 129.29, 129.08, 129.05, 128.56, 125.53, 
125.52, 125.48, 124.13, 121.76; UV-vis "max (CH3CN) nm (log #): 384 (4.08), 352 (4.31), 
282 (4.53); HRMS (m/z) (EI, 70 eV) (M
+
) calculated for C44H18: 546.1409, found 
546.1412. 
 
 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6 See Cambridge Crystal Data Base for X-ray crystal data CCDC 747822.  Crystals were grown by slow 
evaporation from a 1:1 mixture of dichloromethane:carbondisulfide in a NMR tube. 
7 See Cambridge Crystal Data Base for X-ray crystal data.  Crystals were grown by slow solvent diffusion 
of ethanol vapors into a solution of a 1:1 mixture of benzene:carbondisulfide in a 10 mL vial placed in a 
sealed ethanol chamber. 
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Chapter 4 
Indenoannulations by Intramolecular Transition Metal Mediated Arylations 
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4.1 Introduction 
In previous work we have shown that it is possible to produce aromatic ring 
arylations, specifically indenoannulations, using Flash Vacuum Pyrolysis (FVP) (See 
chapter 3 for detailed examples).
1
  While these results are encouraging, the development 
of solution phase annulation strategies for synthesizing geodesic polyarenes has remained 
a long-standing challenge in PAH chemistry.  There are several reasons for the lack of 
progress in this field.  Firstly, many precursors to curved PAHs begin either completely 
planar or only minimally bent.  Hence they require a great deal of torsional energy to be 
incorporated into the final target, typically in a single curvature inducing transformation.  
Secondly, due to their size and makeup a central property of PAHs is their insolubility, 
limiting their usefulness in solvent based syntheses. For these reasons, FVP has been the 
synthetic method of choice for more than 18 years.
2
  However, if by design one were to 
overcome these constraints (energy and solubility), it might be possible then to realize a 
solution phase based synthesis of a geodesic polyarene.  
Dispelling first the notion that highly strained or reactive species cannot or are not 
easily formed in solution, one needs only to look at the work of Eaton (syntheses of 
cubane and [2.2.2]propellane),
3ab
 or, more recently, at Bodwell’s cyclophane synthesis of 
                                                
1
 Steinberg, B. D.; Jackson, E. A.; Filatov, A. S.; Wakamiya, A.; Petrukhina, M. A.; Scott, L. T. J. Am. 
Chem. Soc. 2009, 131, 10537-10545. 
2
 Scott, L. T.; Hashemi, M. M.; Meyer, D. T.; Warren, H. B. J. Am. Chem. Soc. 1991, 113, 7082-7084. 
3
 (a) Eaton, P. E.; Cole, T. W., Jr. J. Am. Chem. Soc. 1964, 86, 3157-3158. (b) Eaton, P. E.; Temme, G. H., 
III. J. Am. Chem. Soc. 1973, 95, 7508-7510.   
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a C36 teropyrenophane, bent almost a full 180
°
 (Schemes 4-1, 4-2 and 4-3).
4
  Each of 
these examples highlights the value of synthetic planning, but most importantly they all 
rely on a multi-step approach when introducing strain into the target molecule.  Looking 
toward the future, if a solution phase synthesis of a geodesic polyarene could be 
achieved, most likely it would require the same stepwise approach. With respect to the 
insolubility of PAHs in organic solvents, the addition of functional groups can be an 
effective means in mitigating this trait. However, this strategy does not work well in 
FVP, extreme reaction temperatures make weak bonds a target for bond scissions. In the 
absence of functional groups, crude pyrolysates can many times result in products that are 
difficult to purify, characterize or react further.  Therefore, the appeal of a solvent based 
curved PAH synthesis would be the ability to investigate new functionalized PAHs as 
well as provide greater freedom when designing substrate precursors to potential PAHs.    
Scheme 4-1. Eaton’s Stepwise Approach Toward the Synthesis of Cubane 
 
Scheme 4-2. Eaton’s Stepwise Approach Toward the Synthesis of  [2.2.2]Propellane  
 
                                                
4
 Merner, B. L.; Dawe, L. N.; Bodwell, G. J. Angew. Chem., Int. Ed. Engl. 2009, 48, 5487-5491.  
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Scheme 4-3. Bodwell’s Synthesis of a Highly Bent C36 Teropyrenophane. 
 
4.2 Results and Discussion 
4.2.1 Palladium Based Synthesis of Indenocorannulenes 
 Beginning from corannulene, we hope to develop a general synthetic strategy to 
synthesize six different indenoannulated corannulene compounds. The first step in our 
proposed approach is centered around a highly tunable bromination reaction of 
corannulene, from which either monobromocorannulene (4.1), dibromocorannulene (4.2) 
or tribromocorannulene (4.3) could potentially be synthesized (the synthesis of 2.21 was 
previously described in chapter 2) (Scheme 4-3).  Then, by employing an appropriately 
brominated corannulene substrate under cross-coupling reaction conditions with ortho-
chlorophenylboronic acid, we expect to provide the requisite carbon scaffolds 4.4, 4.5 
and 4.6. From these scaffolds a final intramolecular arylation could be used to form the 
necessary rings in 3.8, 3.12, 3.11, 3.10, 3.9 and 3.5 (Scheme 4-4). 
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Scheme 4-4. Proposed Solution Phase Synthesis of Indenocorannulenes 
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4.2.1.1 Selective Bromination of Corannulene      
 Whereas the synthesis of the symmetrically brominated 1,2,5,6-tetrabromo-
corannulene (2.21) has been known for some time,
5
 there have been no reports in the 
literature where corannulene (2.1) itself could be selectively or cleanly brominated to 
provide a single isomeric form of a halogenated product.  At best, previous chemistry 
used for brominating 2.1 provides a broad distribution of multihalogenated products, 
which are not amendable to separation. To this end, Scott et al. began developing 
methods to selectively halogenate 2.1. In early efforts toward this goal, former group 
member P. Cheng had shown that elemental bromine and chloroform could be used to 
monohalogenate 2.1.
6
 More recently, unpublished work from our lab by M. Bancu has 
shown that when IBr is employed as a halogen source, one can control the extent of 
bromination around the rim of 2.1.
7
  By varying the stoichiometry of IBr relative to the 
substrate, the reaction can be controlled to produce either monobromocorannulene (4.1) 
or dibromocorannulene (4.2) in good yield.
8
  However, when the concentration of IBr 
was increased beyond the equivalents used to synthesize 4.2, an insoluble and inseparable 
mixture of products was formed. If we were to complete the syntheses of all six 
indenocorannulenes, a synthesis of tribrominated corannulene 4.3 would be needed. 
After beginning the task of synthesizing tribromocorannulene (4.3), we noted that 
M. Bancu had seen trace quantities of this product when synthesizing 
                                                
5
 See Chapter 2 for details relating to the synthesis of 1,2,5,6-tetrabromocorannulene. 
6
 Cheng, P. C. Masters Thesis, University of Reno: Reno, NV, 1992.  
7
 Bancu, M. Ph.D. dissertation, Boston College: Chestnut Hill, MA, 2004. 
8
 Dibromocorannulene provides a mixture of positional isomers. 
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dibromocorannulene (4.2). We reasoned that if trace quantities of 4.3 were formed in the 
dibromination reaction, it might be possible to switch the product distribution based on 
the reaction conditions.  Since all of the above reactions were run at room temperature 
with varying concentrations of IBr, we decided to pursue reaction conditions at elevated 
temperatures.  As seen before, once corannulene (2.1) becomes halogenated, its solubility 
is greatly decreased (see chapter 2 for other examples relating solubility to halogenation).  
If at room temperature monobromocorannulene (4.1) remains in solution while 4.2 
precipitates out, essentially any further halogenation is stalled, irrespective of the 
concentration of IBr.  If, however, 4.2 is made to stay in solution, then tribromination of 
2.1 might be possible.  Based on this idea, increasing the reaction temperature while 
maintaining the concentration of IBr should provide greater control over the extent of 
halogenation. Using this approach we found when the concentration of IBr was left at 
nine equivalents and the reaction was slowly increased to just above room temperature 
(38 
o
C), the product distribution is shifted just enough to favor tribromination over 
dibromination, allowing us to synthesize 4.3 in excess of 90% yield (Scheme 4-5). 
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Scheme 4-5. Selective Bromination of Corannulene 
 
4.2.1.2 Cross-Coupling of 2-Chlorophenylboronic Acid to Halogenated Corannulenes 
 Having synthesized each of the necessary brominated corannulene varients, 
mono- 4.1, di- 4.2, tri 4.3 and tetrabromocorannulene 2.21 we next set our sites on 
expanding the carbon frameworks to the phenyl substituted intermediates 4.4, 4.5, 4.6 
and 3.6. The new aryl rings for each system were then added through the use of a 
standard Suzuki-Miyaura cross-coupling reaction (Scheme 4-6).  As expected, when both 
di-bromocorannulene (4.2) and tribromocorannulene (4.3) were cross-coupled with 2-
chlorophenylboronic acid, we were provided with mixtures of inseparable positional 
isomers (total positional isomers for 4.5 = 7 and 4.6 = 15).  However, since there are 
many more positional isomers than potential products after the final ring closures (4.5 = 2 
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and 4.6 = 2), we envisioned carrying the isomers through until their final respective ring 
closures. 
Scheme 4-6. Suzuki-Miyaura Cross-Coupling Products 
  
4.2.1.3 Indenoarylations Leading to Geodesic Polyarenes 
 The idea that palladium based chemistry can be used to synthesize highly strained 
rings is by no means a new concept in organic chemistry.  As previously discussed in 
chapter 2, Scott and de Meijere had successfully shown that a palladium catalyzed 
cascade consisting of a Suzuki-Miyaura coupling followed by intramolecular arylation 
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could be used to synthesize a highly strained five-membered ring in a single step.
9
  
Continuing to build on this approach, E. Jackson in our lab carried out an exhaustive 
study toward developing methods to provide highly strained rings in geodesic 
polyarenes.
10
  The model system that he studied was 2-corannulenylphenyl chloride (4.4). 
Through several reaction modifications, E. Jackson was able to show that 
monoindenocorannulene (3.8) could be synthesized in good yield; however, the reaction 
proved to be highly irreproducible (Scheme 4-7).  Furthermore, when identical 
experiments were conducted in tandem, reaction products and yields varied greatly.  To 
compound these issues, reacting bis(ortho-chlorophenyl)corannulene (4.5) under the 
same reaction conditions afforded even lower yields with the same lack of 
reproducibility.  Looking ahead toward the synthesis of tetraindenocorannulene (3.5) four 
indeno annulations would be needed in a single step rather than one or two.  Since 
reproducibility was erratic in the lower homologs of phenylcorannulene, our chances of 
synthesizing multi-indenoannulated systems were slim.  It was during this time that we 
began searching out alternative methods for activating the indenoannulation reaction.  
Shortly thereafter, we became aware of several reports where microwave promoted metal 
catalysis had been shown to be a highly effective method for conducting difficult metal 
mediated synthetic transformations with relatively short reaction times.
11a,b
   
 
                                                
9
 Wegner, H. A.; Scott, L. T.; de Meijere, A. J. Org. Chem. 2003, 68, 883-887. 
10
 Jackson, E. A. Ph.D. Dissertation, Boston College: Chestnut Hill, MA, 2008. 
11
 (a) Arvela, R. K.; Leadbeater, N. E. J. Org. Chem. 2004, 70, 1786-1790. (b) Leadbeater, N. E.; Pillsbury, 
S.J.; Shanahan, E.; Williams, V. A. Tetrahedron. 2006, 62, 1909-1912.  
 114 
Scheme 4-7. Palladium Catalyzed Intramolecular Arylations  
 
After experiencing mixed results using conventional heating in the indeno 
annulation of bis(ortho-chlorophenyl)corannulene (4.5), E. Jackson showed that using the 
same test system under microwave heating, not only was the reaction reproducible, but 
also the yield was quantitative.  These results paved the way for further exploration of the 
indenocorannulene family and their syntheses.  Shortly after this discovery, a general set 
of reaction conditions was developed where in as little as 40 minutes in a microwave 
reactor, we were now able to synthesize five increasingly curved poly- 
indenocorannulenes (Scheme 4-8).  At the same time this work was reported, the 
syntheses of both, tetraindenocorannulene (3.5) and pentaindenocorannulene (3.3) were 
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completed;
12
 not only are these two of the largest geodesic polyarene ever to have been 
synthesized, but they also complete the family of indenocorannulenes (Scheme 4-9).  
While these transformations highlight the broad utility of the microwave assisted 
arylation, there is still little known with regard to the energetic cost for each 
transformation or the limitations of this reaction. 
Scheme 4-8. Microwave-Assisted Palladium Catalyzed Arylation 
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 Jackson, E. A.; Steinberg, B. D.; Bancu, M.; Wakamiya, A.; Scott, L. T. J. Am. Chem. Soc. 2007, 129, 
484-485. 
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Scheme 4-9. Microwave-Assisted Palladium Catalyzed Arylation 
 
4.2.2 Calculations and Analysis of the Stepwise Introduction of Strain by Indeno-
annulation. 
 As discussed in section 4.1, syntheses of highly strained molecules in most cases 
requires strain to be built into the system in a stepwise manner.  This process ensures that 
the barrier of activation for any one step is never too great to be overcome.  Nowhere is 
this strategy more evident than in the synthesis of pentaindenocorannulene (3.3).  A 
cursory examination of 3.3 shows that there are five separate intramolecular arylation 
events, of which each ring is responsible for a portion of the total curvature and strain 
accounted for in 3.3.  We then used this strain induction model as an opportunity to apply 
computational theory to predict the energetic cost for each indenoannulation step.  Not 
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only do these calculations allow us to develop a deeper understanding of the overall 
magnitude of strain in the geodesic polyarene, but also each calculation point serves as a 
high water mark, relating the exothermicity of the reductive elimination of palladium to 
the overall cost of ring strain in each step.  Interestingly, the energy for each closure does 
not increase successively, rather the first arylation is the most expensive step with the last 
arylation leading to 3.3 is one of the most economical.  This analysis suggests that the 
curvature in 3.3 is installed early on in the synthesis and that larger polyarenes may also 
follow this general trend (Figure 4-1).
13ab  
Furthermore, the pathway for each 
indenoannulation is substantially biased toward annulations reactions closest to existing 
indenogroups.   
Beyond our immediate interest in understanding the energetic cost for each 
indeno annulation, the long-term goal of this project remains the synthesis of a C50H10 
nanotube endcap.  From the calculations preformed on 3.3, we now have a crude energy 
landscape, which provides us with reference points of accessible transformations. Based 
on these results, computational modeling of 3.3 closing to a C50H10 end-cap would be an 
attractive model for comparison (a full ring closure assessment of the C50H10 end-cap can 
be found in chapter 5).  
 
 
                                                
13
 (a) Values over the arrows indicate the extra cost (kcal/mol) calculated for each cyclization at the 
B3LYP/6-31G! level of theory, compared to the strain free reference system of benzene coupling with 
benzene to make biphenyl. (b) Spartan. Software; Wavefunctions, Inc.: Irvine, CA 92612.   
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Figure 4-1. Homodesmic Calculations: Analysis of Stepwise Introduction of Strain
13
   
 
+16.5
+8.1
+11.9
+
12
.1
+11.7
+
8.
1
+8
.0
+11.6
+
1
5
.5
+16.0
 119 
4.2.3 Attempted Synthesis of a C44H14 Bowl 
 Having accomplished a palladium catalyzed indenoannulation of 1,2,5,6-
tetrakis(ortho-chlorophenyl)corannulene (3.6) to give tetraindenocorannulene (3.5), we 
next turned our attention to the closely related C44H14 4.8 geodesic polyarene.  The only 
difference between the two structures is the presence of two new bonds between the 
neighboring indeno groups in 4.8. Where previously the phenyl substituents on 3.6 were 
monohalogenated, a dihalogenated phenyl moiety would be needed to provide the 
additional reactivity required to form 4.8 (Scheme 4-10).  Using the same Suzuki-
Miyaura conditions as those used to synthesize 3.6 we next attempted to synthesize 
1,2,5,6-tetrakis(2,6-dichlorophenyl)corannulene (4.9) beginning from 2.21 and the 
corresponding phenylboronic acid. Unfortunately, no product was formed in the reaction.  
A variety of conditions and catalyst were explored in this synthesis with only marginal 
results.  When Pd(P(t-butyl)3)2 was used as a catalyst with 2,6-dichlorophenylzinc 
chloride (Negishi conditions), trace quantities of 4.9 were observed but never isolated.  
The unsuccessful synthesis of 4.9 is most likely due to steric crowding; having 2,6-
disubstituted phenyl moieties proximal to one another is unfavorable enough to prevent 
di-addition on either side of 2.21.  With the same goal of synthesizing 4.9, alternative 
halogen moieties were explored on 2.21.  Where bromine had been used, it was now 
replaced with iodine 2.20; unfortunately no change in the cross-coupling result was 
observed. 
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Scheme 4-10.  Attempted Synthesis of C44H14 Geodesic Polyarene 
 
Having experienced no success in isolating 1,2,5,6-tetrakis(2,6-dichlorophenyl)-
corannulene (4.9), we became interested in exploring reaction conditions that might be 
used to provide a tandem Suzuki-Miyarua/annulation cascade sequence.  A 
dibromoboronic acid was therefore synthesized, beginning from 1,3-dibrombenzene.  
Deprotonation using LDA, followed by boronation with trimethyl borate then provided 
2,6-dibromophenylboronic acid (4.10), which was used for a cascade cross-
coupling/annulation reaction with 2.21, catalyzed by palladium and a N-heterocyclic 
carbene ligand at elevated temperature (Scheme 4-11).  Under these forcing conditions, 
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not only are all four aryl groups crossed-coupled to the corannulene core, but all six of 
the desired additional closures are also observed in the crude reaction mixture (observed 
masses 542 m/z and 544 m/z, product mass 542 m/z) (Figure 4-2). 
Scheme 4-11. Cascade Coupling Arylation Reaction 
 
Figure 4-2. Mass Spectrum of Cascade Reaction 
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4.2.4 Attempted Borylation of 1,2,5,6-Tetrabromocorannulene 
 Having only limited success with coupling difuctionalized boronic acids to 
1,2,5,6-tetrabromocorannulene (2.21), we decided to switch our approach.  If it were 
possible to synthesize 1,2,5,6-tetraborocorannulene (4.11), potentially 1,3-dichloro-2-
bromobenzene could be used as a coupling partner to provide 4.9.  Using conditions 
reported by Buchwald to pre-activate the palladium catalyst,
14
 2.21 was subjected to 
borylating conditions using bis(pinacolato)diborane as a boron source.
15a,b,c
  Identical 
reactions were set up using microwave heating and conventional heating; in both cases no 
product was observed in the crude reaction mixture, only starting material (Scheme 4-12).  
We investigated these reactions further by altering both the catalysts, bases and boron 
source, and in all cases no product was observed. 
Scheme 4-12. Attempted Borylation of Tetrabromocorannulene 
 
 
 
                                                
14
 Fors, B.P.; Krattiger, P.; Strieter, E.; Buchwald, S.L. Org. Lett. 2008, 10, 3505-3508. 
15
 (a) Murata, M.; Oyama, T.; Watanabe, S.; Masuda, Y. J. Org. Chem. 2000, 65, 164-168. (b) Billingsley, 
K. L.; Barder, T. E.; Buchwald, S. L. Angew. Chem., Int. Ed. Engl. 2007, 46, 5359-5363. (c) Altman, R.A.; 
Shafir, A.; Choi, A.; Lichtor, P.A.; Buchwald, S.L. J. Org. Chem. 2008, 73, 284-286. 
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4.2.5 Synthesis of Oxygen Substituted Indenocorannulenes  
 Large planer PAHs are known to have poor solubility in organic solvents and 
similarly curved PAHs are not far behind in this regard.  To solve this problem, 
functional groups, heteroatoms and/or alkyl groups are frequently used to increase 
solubility by disrupting aggregation in solution.
16
  We found in our synthesis of the 
indenocorannulenes that solubility issues were problematic for several reasons. When 
silica gel chromatography purification is required, column streaking is almost 
unavoidable; only at extremely low loading concentrations is it possible to realize 
effective product separations.  Furthermore, if the product of the reaction is an 
intermediate to be used in a larger synthesis, additional synthetic steps may not be 
possible if the product cannot be solubilized. To combat these issues, we began working 
to incorporate additional functionality on the phenyl moieties of several substituted 
corannulenes. 
4.2.5.1 Hetero-Atom Substituted Tetraindenocorannulenes 
 In addition to enhancing solubility, a key reason for our interest in developing 
substituted tetraindenocorannulene (3.5) variants has intentionally been ignored until 
now.  Looking back at the yields for each of the seven indenocorannulenes synthesized, 
3.5 does not follow the general trend; in fact the yield is surprisingly low when compared 
to the other examples.  This decrease in yield can be attributed to competing side 
reactions whereby the proximal phenyl groups on corannulene couple with each other 
                                                
16
 Feng, X.; Wu, J.; Enkelmann, V.; Müllen, K. Org. Lett. 2006, 8, 1145-1148. 
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instead of with the peri-positions on the corannulene rim.  By coaxing the sterics of the 
system with additional substitution between the proximal phenyl groups we hoped to 
direct addition to the peri-positions, and at the same time, increase the solubility of the 
product (an argument based on the electronics of the annulation can also be made).
17
  In 
an effort to accomplish this goal, we chose to couple 2-chloro-5-methoxyphenylboronic 
acid (4.12) with 2.21 to provide the sterically protected 4.13 (Figure 4-3).  With 4.13 in 
hand and using our previously discovered indenoannulation reaction conditions, 
tetraindenotetramethoxycorannulene (4.14) was provided in good yield (Scheme 4-13).  
For unknown reasons, when this reaction was repeated subsequently we were never able 
to reproduce our initial yields. 
Figure 4-3. Crystal Structure of 1,2,5,6-Tetrakis(2-chloro-5-methoxyphenyl)corannulene 
 
                                                
17
 Garcia-Cuadrado, D.; de Mendoza, P.; Braga, A. C.; Maseras, F.; Echavarren, A. M. J. Am. Chem. Soc. 
2007, 129, 6880-6886. 
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Scheme 4-13. Synthesis of Tetraindenotetramethoxycorannulene 
 
After experiencing mixed results with respect to tetraindenotetramethoxy-
corannulene (4.14), we decided to investigate alternative substitution options around the 
phenyl rings.  Subsequently, several oxygen heterosubstituted analogs of 4.13 were 
explored and synthesized.  Knowledge gained through examining the syntheses of 4.15, 
4.16 and 4.17 has provided a clear pattern in cross-coupling and arylation reactivity.  For 
the coupling of boronic acids 4.18, 4.19 and 4.20, when an electron-donating group is 
substituted para to the boron, the cross-coupling reaction is essentially shut down, either 
through self coupling of the boronic acid or proto-deboronation (Scheme 4-14).
18abc
  Only 
when forcing conditions were applied was it then possible to access the desired products 
4.15, 4.16 and 4.17, albeit in meager yields.  Furthermore, the irreproducibility of the 
                                                
18
 (a) Moreno-Manas, M.; Perez, M.; Pleixats, R. J. Org. Chem. 1996, 61, 2346-2351. (b) Kuivila, H. G.; 
Nahabedian, K. V. J. Am. Chem. Soc. 1961, 83, 2159-2163. (c) Nahabedian, K. V.; Kuivila, H. G. J. Am. 
Chem. Soc. 1961, 83, 2167-2174.   
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indenoannulation reaction observed in 4.13 is also seen with substrates 4.15, 4.16 and 
4.17, which we believe to be related to the electronic enrichment of the aryl chlorine 
bond, thereby hindering metal insertion into the bond (in examples 4.16 and 4.17 full 
conversion to the corresponding products was never observed) (Scheme 4-15).  It is also 
interesting to point out that the effect of the oxygen heterogroups does, however, greatly 
increase the solubility of all the products obtained from each reaction.  In the case of the 
difunctionlized phenyl moieties 4.16 and 4.17 the reaction products were found to be 
soluble in both polar and non-polar solvents.  
Scheme 4-14. Synthesis of Heteroatom-Substituted Corannulenes 
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Scheme 4-15. Indeno Arylations of Oxygen Substituted Corannulenes 
 
4.2.5.2 Hetero-Atom Substituted Pentaindenocorannulenes 
 Looking at each of the seven indenocorannulenes, pentaindenocorannulene is by 
far the most attractive intermediate to be potentially transformed into a carbon nanotube 
endcap.  Considering the only obstacle standing between pentaindenocorannulene (3.3) 
and a carbon nanotube endcap 3.2 is five-bonds, we believe this presents an excellent 
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opportunity where 3.3 could, through a series of ring annulations, provide 3.2.  
Unfortunately, 3.3 is prohibitively insoluble, making it impossible to use in any synthetic 
operation dependent upon 3.3 remaining in solution.  Using the same approach as 
discussed in section 4.2.5.1, substitutions about the phenyl rings of 3.3 were explored to 
increase solubility and provide opportunity for further reactivity. 
Scheme 4-16. Retro-Analysis from a Nanotube EndCap  
 
  Starting from pentabromocorannulene (2.22), we then tested the cross-coupling of 
4.12, 4.19 and 4.20, to which we obtained similar yields to those reported for the 
tetrabromo derivative 2.21 (Scheme 4-17).  Having synthesized 4.24, 4.25 and 4.26, we 
then subjected each system to our general palladium catalyzed anulation procedure.  
Once again, the results we obtained mirrored closely what was seen in the tetrasubstituted 
systems.  A marked increase in solubility was observed, but the addition of the electron 
donating groups severely inhibited metal addition into the aryl chloride.  In general, the 
arylation step for the pentasubstituted systems provided trace quantities of fully closed 
product along with many partially closed products (Scheme 4-18).  Based on these 
results, we have been able to show that it is possible to solubilize penatindeno-
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corannulene, but this project will require further work to develop a functionalized phenyl 
group that does not inhibit reactivity during the final ring closing steps. 
Scheme 4-17. Five-Fold Arylation of Corannulene 
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Scheme 4-18. Attempted Five-Fold Indenoannulation 
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4.3 Conclusions 
The synthesis of geodesic polyarenes in the past had been relegated to gas phase 
reactions carried out at extreme temperatures, providing products in low yield.  We now 
have shown opportunity for new growth within this field by implementing the use of a 
microwave assisted palladium catalyzed annulation reaction.  The primary goal of this 
work has been to develop a synthetic procedure to synthesize a carbon nanotube endcap.  
With this goal in mind, we have investigated the use of solubilizing groups incorporated 
in geodesic polyarenes to potentially provide further reactivity in these molecules.  We 
have successfully shown that geodesic polyarenes can be solubilized, but further work 
will be needed to develop non-interfering substituents.      
4.4 Experimental Procedures 
4.4.1 General Experimental Procedures  
All commercially available chemicals and solvents were used without further 
purification unless specified.  Anhydrous solvents were either purchased or were obtained 
from a six tap (dichloromethane, tetrahydrofuran, toluene, 1,2-dichlorobenzene, N,N-
dimethylacetamide and carbon disulfide) Glass Contour solvent purification system.  
Proton and Carbon NMR were taken with a Varian 400, 500 or 600 MHz NMR 
spectrometer.  Chemical shifts are reported in ppm downfield from TMS in chloroform-d 
(!H = 7.26 ppm, !C = 77.16 ppm), dichloromethane-d2 (!H = 5.32 ppm, !C = 53.80 ppm) or 
dimethyl sulfoxide-d6 (!H = 2.50 ppm, !C = 39.51 ppm) as the standard reference.  
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Preparative thin layer chromatography was carried out using Analtech silica GF or 
Alumina GF plates.  Column chromatography was carried out using either Sorbet 
Technologies standard grade silica gel (porosity = 60 Å, particle size = 32-63 µm) or 
Sigma-Aldrich aluminum oxide, activated, neutral Brockmann I, standard grade (~150 
mesh, 58 Å). HPLC purification was preformed on a Waters 600 instrument equipped 
with a Supelco analytical LC-PAH 25 cm ! 4.6 mm, 5µm HPLC column and a 
semipreparative Supelco LC-PAH 25 cm ! 21.2 mm, 5µm HPLC column, both 
connected to a Waters 2996 photodiode array detector.  UV-vis spectra were obtained 
using a Hewlett Packard model 8452A diode array spectrophotometer.  High resolution 
mass spectrums were obtained using time of flight mass spectrometers at the mass 
spectrometry center at Boston College. 
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4.4.2 Bromocorannulene (4.1) 
Br
IBr, Dichloromethane
 
To an oven dried 25 mL round bottom flask was added 101 mg (0.40 mmol) of 
corannulene (2.1).  The reaction flask was then sealed and purged with nitrogen gas.  To 
the reaction flask were then added 5 mL of dichloromethane followed by 0.85 mL of [IBr 
1M in DCM] (0.85 mmol). The mixture was then stirred at room temperature for 24 h.  
The crude mixture was then diluted with 100 mL of dichloromethane, washed once with 
aqueous sodium thiosulfate and once with water.  The organic layer was then dried over 
magnesium sulfate and filtered. The solvent was removed under reduced pressure to 
provide bromocorannulene (4.1) 132 mg (99% yield) (12:1 ratio of bromocorannulene to 
corannulene) without further purification: The spectroscopic properties of this compound 
are consistent with those previously reported.
1
 
1
H NMR (400 MHz, CDCl3) ! 8.12 (br s, 
1H), 7.93 (d, J = 8.8 Hz, 1H), 7.90 (d, J = 8.8 Hz, 1H), 7.89 (d, J = 8.8 Hz, 1H), 7.864 (d, 
J = 8.8 Hz, 1H), 7.860 (d, J = 8.8 Hz, 1H), 7.81 (d, J = 8.8 Hz, 1H), 7.72 (br d, 1H), 7.72 
(br d, 1H).  
 
 
                                                
1
 Bancu, M. Ph.D. dissertation, Boston College: Chestnut Hill, MA, 2004. 
2.1 4.1 
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4.4.3 Dibromocorannulene isomers (4.2) 
Br
Br
IBr (9.0 molar equiv)
0.25 M in CH2Cl2
 
rt, 5 h
 
To a dry 25 mL round bottom flask equipped with a stir bar, under a nitrogen 
atmosphere, were added 114 mg of corannulene (0.46 mmol) and 12 mL of dry 
dichloromethane. Slowly, with agitation, was added 4.1 mL of an IBr solution (1.0 M in 
dichloromethane, 4.10 mmol). The resulting purple solution was stirred at room 
temperature for 5 h. The crude mixture was then diluted with dichloromethane and 
washed with 10% solution of sodium thiosulfate, water, and brine.  The organic layer was 
dried over anhydrous magnesium sulfate, filtered, and concentrated to dryness under 
reduced pressure.  The crude product was purified by column chromatography on 
alumina using cyclohexane as the eluant to give 156 mg of a mixture of inseparable 
dibromocorannulene isomers (82% yield) as a pale yellow solid. The spectroscopic 
properties of this material are consistent with those previously reported:
1
 
1
H NMR (400 
MHz, CDCl3) ! signals between 8.13 to 7.65.   
 
 
 
                                                
1
 Bancu, M. Ph.D. dissertation, Boston College: Chestnut Hill, MA, 2004. 
2.1 4.2 
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4.4.4 Tribromocorannulene (4.3) 
Br
(Br)2
IBr (9.0 molar equiv)
0.25 M in CH2Cl2
 
38 °C, 24 h
 
 
To a dry 50 mL round bottom flask equipped with a stir bar was added 200 mg 
(0.80 mmol) of corannulene (2.1).  The reaction vessel was then sealed and purged with 
nitrogen gas. To the reaction flask were then added 20 mL of dry dichloromethane 
followed by a slow addition of 7.2 mL of IBr solution (1.0 M in dichloromethane, 7.2 
mmol). The resulting purple solution was then placed in a 38 °C oil bath and allowed to 
stir. After 24 h the crude mixture was then cooled to room temperature and washed once 
with a 10% solution of sodium thiosulfate. The aqueous layer was decanted, and the 
organic layer was concentrated to dryness. To the resulting solid was added 20 mL of 
hexanes, and the mixture was sonicated for 10 min. The reaction mixture was then 
filtered to give 358 mg of a brown/grey colored powder (92% yield) 4.3: mp (270-280 
°C); 
1
H NMR (400 MHz, CDCl3) due to the mixture of inseparable isomers, multiply 
signals are observed between ! 8.17 and 7.72; HRMS DART Calc’d for C20H8Br3 
[M+H]
+
:
 
484.8176. Found: 484.8171. 
 
 
2.1 4.3 
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4.4.5 (Ortho-chlorophenyl)corannulene (4.4) 
Br
Cl
Cl
B(OH)2
Pd(PPh3)4, K2CO3,
Toluene, EtOH, H2O
 
  
To a microwave flask equipped with a stir bar were added 50 mg (12:1 ratio of 
bromocorannulene to corannulene) (0.14 mmol) of bromocorannulene (4.1), 47 mg (0.30 
mmol) 2-chlorophenylboronic acid, 0.007 mg (0.006 mmol) of 
tetrakis(triphenylphosphine)palladium, 84 mg (0.61 mmol) of potassium carbonate and 2 
mL of toluene, 2 ml ethanol and 0.2 ml water. The mixture was heated to 75 °C for 36 h 
and then cooled to room temperature.  After cooling, the resulting mixture was diluted 
with methylene chloride and then washed with 10% HCl, water and dried over MgSO4, 
filtered, and then concentrated to dryness.  The crude product was purified by silica gel 
chromatography using cyclohexane as the eluant to afford a light yellow powder 49 mg 
(97% yield). The spectroscopic properties of this material are consistent with those 
previously reported:
1
 
1
H NMR (400 MHz, CDCl3) ! (ppm): 7.84-7.82 (m, 5H), 7.79 (d, J 
= 8.4 Hz 1H), 7.77 (s, 1H), 7.74 (d, J = 8.8 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.49 (d, J = 
8.8 Hz 1H), 7.42-7.38 (m, 1H), 7.37-7.35 (broad signals, 2H).  
                                                
1
 Bancu, M. Ph.D. dissertation, Boston College: Chestnut Hill, MA, 2004. 
4.1 4.4 
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4.4.6 Di(ortho-chlorophenyl)corannulene isomers (4.5) 
Br
Br
Cl
Cl
Cl
B(OH)2
Pd(PPh3)4, K2CO3,
Toluene, EtOH, H2O
 
             To a round bottom flask equipped with a stir bar were added 53 mg (0.13 mmol) 
of dibromocorannulene (4.2), 45 mg (0.29 mmol) of 2-chlorophenylboronic acid, 12 mg 
(0.01 mmol) of tetrakis(triphenylphosphine)palladium, 72 mg (0.52 mmol) of potassium 
carbonate, 4 mL of toluene, 4 mL of ethanol, and 0.25 mL of water.  The mixture was 
degassed under a nitrogen atmosphere and then heated at 80 °C for 24 h.  The resulting 
mixture was cooled to room temperature and concentrated under reduced pressure. The 
crude product was dissolved in dichloromethane, and the solution was washed once with 
10% HCl, once with water, and once with brine, dried over anhydrous magnesium 
sulfate, and concentrated to dryness under reduced pressure.  The product was purified by 
chromatography on silica gel using 10:1 cyclohexane:dichloromethane as the eluant to 
give 60 mg of a mixture of di(ortho-chlorophenyl)corannulene isomers as a cream 
colored solid (98% yield) 4.5. The spectroscopic properties of this material are consistent 
4.2 4.5 
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with those previously reported.
1
 
1
H NMR (400 MHz, CDCl3) ! 7.90-7.73 (m, 7H), 7.69-
7.49 (m, broad signals, 5H), 7.46-7.35 (m, broad signals, 4H). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                
1
 Bancu, M. Ph.D. dissertation, Boston College: Chestnut Hill, MA, 2004. 
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4.4.7 Tri(ortho-chlorophenyl)corannulene (4.6) 
Br
Br
Cl
Cl
Cl
B(OH)2
Pd(PPh3)4, K2CO3,
Toluene, EtOH, H2O
2
2  
 
To a round bottom flask equipped with a stir bar were added 49 mg (0.10 mmol) 
of tribromocorannulene (4.3), 57 mg (0.36 mmol) of 2-chlorophenylboronic acid, 14 mg 
(0.01 mmol) of tetrakis(triphenylphosphine)palladium, 83 mg (0.60 mmol) of potassium 
carbonate, 2.5 mL of toluene, 2.5 mL of ethanol, and 1.2 mL of water.  The mixture was 
degassed under a nitrogen atmosphere and then heated to 78 °C for 24 h.  The mixture 
was then allowed to cool to room temperature and diluted in 50 mL of dichloromethane.  
The resulting mixture was washed once with 10% HCl, once with water, and once with 
brine, dried over anhydrous magnesium sulfate and concentrated to dryness under 
reduced pressure.  The crude product was purified by chromatography on silica gel with 
cyclohexane:dichloromethane 5:1 as eluant to give 39 mg of tri(ortho-
chlorophenyl)corannulene (4.6) as an off white colored powder (67% yield): mp (195-
200 °C); 
1
H NMR (400 MHz, CDCl3) broad signals in the range ! 7.90-7.71.  HRMS 
DART Calc’d for C38H20Cl3 [M+H]
+
:
 
581.0641. Found: 581.0630. 
 
4.3 4.6 
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4.4.8 Indenocorannulene (3.8) 
Cl
Pd(PCy3)2Cl2, DBU, DMA, 
170 °C, microwave, 30 min
 
To a microwave vessel equipped with a stir bar were added 109 mg (0.30 mmol) 
of ortho-chlorophenylcorannulene (4.4), 45 mg (0.06 mmol) of trans-dichloro-
bis(tricyclohexylphosphine)palladium, 6 mL of anhydrous dimethylacetamide, and 0.2 
mL (1.39 mmol) of 1,8-diazabicyclo[5.4.0]undec-7-ene. The reaction vessel was then 
sealed and degassed using nitrogen gas for ~ 5 min.  The reaction vessel was then placed 
in a microwave reactor and irradiated at 170 
o
C while stirring.  After 30 min the mixture 
was allowed to cool to room temperature and was then diluted with ~ 20 mL of 
dichloromethane. The crude mixture was washed with a 10% HCl solution (!3), water 
(!1) and brine (!1).  The organic layer was then dried over magnesium sulfate, filtered 
and concentrated under reduced pressure.  The crude reaction mixture was then purified 
with silica gel chromotagraphy cyclohexanes:dichloromethane 19:1 to provide 88 mg 
(90% yield) of 3.8 as a yellow solid.  The spectroscopic properties of this material are 
consistent with those previously reported. The X-ray data for 3.8 can be found at the 
Cambridge Crystallographic Data Centre CCDC deposition 747825:
1
 
1
H NMR (500 
MHz, CDCl3) " 7.639 (AA! of AA#BB#, 2H), 7.638 (d, J=8.5 Hz, 2H), 7.636 (s, 2H), 7.57 
(d, J=8.5 Hz, 2H), 7.52 (s, 2H), 7.20 (BB# of AA#BB#, 2H).  
                                                
1
 Bancu, M. Ph.D. dissertation, Boston College: Chestnut Hill, MA, 2004. 
4.4 3.8 
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4.4.9 Diindeno[1,2,3-bc:1!,2!,3!-ef]corannulene (3.11) and Diindeno[1,2,3-bc:1!,2!,3!-
hi]corannulene (3.12)   
Cl
Cl
+
Pd(PCy3)2Cl2
DBU, DMAc
Microwave
 
 
A microwave reaction vessel containing a Teflon coated magnetic stirring bar was 
charged with 45 mg (0.10 mmol) of di(ortho-chlorophenyl)corannulene (4.4), 28 mg 
(0.04 mmol) of trans-dichloro-bis(tricyclohexylphosphine)palladium, 0.2 mL (1.32 
mmol) of 1,8-diazabicyclo[5.4.0]undec-7-ene and 6 mL of dimethylacetamide. The 
reaction vessel was sealed, evacuated, purged with nitrogen and heated in a microwave 
reactor at 175 °C for 45 min. The mixture was allowed to cool to room temperature and 
was then diluted with 50 mL of dichloromethane.  The organic solution was washed with 
10% HCl, water, and brine and was then dried over anhydrous magnesium sulfate and 
concentrated under reduced pressure. To the crude product was added 10 mL of 
dichloromethane; the mixture was sonicated for several minutes and then filtered to give 
24 mg of a bright orange/red powder of pure diindeno[1,2,3-bc:1!,2!,3!-hi]corannulene 
(3.11) (63% yield). The X-ray data for 3.12 can be found at the Cambridge 
Crystallographic Data Centre CCDC deposition 747820.  The filtrate was then subjected 
to chromatography on silica gel using cyclohexane:dichloromethane 8:1 as an eluant to 
4.4 3.11 3.12 
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give 10 mg of diindeno[1,2,3-bc:1!,2!,3!-ef]corannulene (3.12) (26% yield) as a orange 
solid. The X-ray data for 3.11 can be found at the Cambridge Crystallographic Data 
Centre CCDC deposition 747821. Diindeno[1,2,3-bc:1!,2!,3!-ef]corannulene: The 
spectroscopic properties of this material are consistent with those previously reported:
1
 
1
H NMR (400 MHz, CD2Cl2) ! (ppm): 8.01-7.98 (dd, 2H), 7.68-7.66 (dd, 2H), 7.56 (s, 
2H), 7.46 (d, J = 8.8 Hz, 2H), 7.38 (d, J = 9.2 Hz, 2H), 7.32-7.26 (m, 4H). 
Diindeno[1,2,3-bc:1!,2!,3!-hi]corannulene: The spectroscopic properties of this material 
are consistent with those previously reported:
1
 
1
H NMR (400 MHz, CDCl3) ! (ppm): 
7.62-7.56  (m, 4H), 7.52 (s, 2H), 7.46 (s, 2H), 7.20-7.16 (m, 4H). 
 
 
 
 
 
 
 
 
 
 
 
 
                                                
1
 Bancu, M. Ph.D. dissertation, Boston College: Chestnut Hill, MA, 2004. 
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4.4.11 Triindeno[1,2,3-bc:1!,2!,3!-ef:1!!,2!!,3!!-kl]corannulene (3.10) and triindeno[1,2,3-
bc:1!,2!,3!-ef:1!!,2!!,3!!-hi]corannulene (3.9) 
Cl
Cl
+
Pd(PCy3)2Cl2
DBU, DMAc
Microwave
2
 
To a microwave reaction vessel equipped with a stirring bar were added 51 mg  
(0.09 mmol) of tri(ortho-chlorophenyl)corannulene (4.6), 39 mg  (0.05 mmol) of trans-
dichloro-bis(tricyclohexylphosphine)palladium, 0.2 mL  (1.40 mmol) of 1,8-diaza-
bicyclo[5.4.0]undec-7-ene, and 6 mL of dimethylacetamide. The reaction vessel was 
sealed, evacuated, purged with nitrogen, and then heated in a microwave reactor at 180 
°C for 40 min. The mixture was allowed to cool to room temperature and was then 
diluted with 200 mL of dichloromethane. The resulting mixture was washed with 10% 
HCl, water, and brine and dried over anhydrous magnesium sulfate and concentrated to 
dryness under reduced pressure to give a dark red/orange solid. To the solid powder was 
added 10 mL of dichloromethane, and the mixture was sonicated for several minutes. 
Filtration of the solution provided 20 mg of an orange powder (48% yield) 
triindenocorannulene as a mixture of isomers.  The two isomers could be separated on the 
basis of their solubility; 10 mL of dichloromethane was added to the orange powder, and 
the suspension was sonicated for ten minutes. Filtration provided 7 mg of triindeno[1,2,3-
3.10 3.9 4.6 
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bc:1!,2!,3!-ef:1!!,2!!,3!!-kl]corannulene (3.10) as a single isomer. The filtrate was then 
subjected to silica gel chromatography using cyclohexane:dichloromethane 8:1 as eluant 
to give triindeno[1,2,3-bc:1!,2!,3!-ef:1!!,2!!,3!!-hi]corannulene (3.9) as a single isomer. 
Triindeno[1,2,3-bc:1!,2!,3!-ef:1!!,2!!,3!!-kl]corannulene: The spectroscopic properties of 
this material are consistent with those previously reported.
1
 The X-ray data for 3.10 can 
be found at the Cambridge Crystallographic Data Centre CCDC deposition 747822. 
1
H 
NMR (500 MHz, CS2 and CD2Cl2) ! (ppm): 7.90 (d-br, J = 6.1 Hz, 2H), 7.59 (d-br, J = 
6.1 Hz, 2H), 7.56 (m, 2H ), 7.47 (s, 2H), 7.41 (s, 2H), 7.25 (m, 4H), 7.18 (m, 2H). 
Triindeno[1,2,3-bc:1!,2!,3!-ef:1!!,2!!,3!!-hi]corannulene: The spectroscopic properties of 
this material are consistent with those previously reported.
1
 The X-ray data for 3.9 can be 
found at the Cambridge Crystallographic Data Centre CCDC deposition 747823. 
1
H 
NMR (500 MHz, CS2 and CD2Cl2) ! (ppm): 8.05 (m, 2H), 8.00 (d-br, J = 6.8 Hz, 2H), 
7.61 (d-br, J = 6.8 Hz, 2H), 7.38 (s, 2H), 7.37 (m, 2H), 7.31 (s, 2H), 7.26 (m, 4H). 
 
 
 
 
 
 
 
 
                                                
1
 See chapter 2.  
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4.4.12 Tetraindenocorannulene (3.5) 
 
Cl
Cl
Cl
Cl
Pd(PCy3)2Cl2
DBU, DMAc
Microwave
 
 
To microwave reaction vessel equipped with a stir bar were added 40 mg (0.06 
mmol) of 1,2,5,6-tetrakis(2-chlorophenyl)corannulene (3.6), 34 mg (0.05 mmol) of trans-
dichloro-bis(tricyclohexylphosphine)palladium, 0.4 mL (2.78 mmol) of 1,8-diazabicyclo-
[5.4.0]undec-7-ene, and 6 mL of dimethylacetamide. The reaction vessel was sealed, 
evacuated, purged with nitrogen and irradiated in a microwave reactor at 170 °C for 40 
min. The mixture was then allowed to cool to room temperature and was diluted with 50 
mL of dichloromethane.  The organic solution was washed with 10% HCl solution, water 
and brine.  The organic layer was then dried over anhydrous magnesium sulfate, and 
concentrated under reduced pressure to give 0.082 g of a red/brown solid.  
Chromatography on aluminum oxide with hexanes followed by carbon disulfide as 
eluants gave an almost insoluble orange product.  The carbon disulfide fractions were 
then submitted to reverse phase HPLC
†
 using acetonitrile:methylene chloride 9:1 as the 
mobile phase. HPLC fractions collected having a retention time of 23 min were subjected 
to a final purification using carbon disulfide on aluminum oxide.  The desired product, 
                                                
†
 Supelcosil LC-PAH column, 5 micron particle size, 25 cm x 21.2 mm, flow rate 15 mL/min. 
3.6 3.5 
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tetraindenocorannulene (3.5), was isolated as an orange powder 4 mg (13% yield). The 
spectroscopic properties of this material are consistent with those previously reported. 
The X-ray data for 3.5 can be found at the Cambridge Crystallographic Data Centre 
CCDC deposition 624662: 
1
H NMR (500 MHz, CS2 and CD2Cl2) ! (ppm): 8.04 (m, 2H), 
7.98 (m, 2H), 7.93 (d-br, J = 6.2 Hz, 2H), 7.57 (d-br, J = 6.2 Hz, 2H), 7.34 (s, 2H), 7.32 
(m, 4H), 7.22 (m, 4H). 
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4.4.13 Attempted Synthesis of 1,2,5,6-Tetrakis(2,6-dichlorophenyl)corannulene (4.9) 
 
 
Br
Br
Br
Br
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
B(OH)2
Cl
Cl
Pd(OAc)2, S-phos, K2CO3, 
Toluene/EtOH/H2O
 
 
 
 To a microwave reaction vessel equipped with a stir bar were added 25 mg (0.04 
mmol) of 1,2,5,6-tetrabromocorannulene (2.21), 42 mg (0.22 mmol) of 2,6-
dichlorophenylboronic acid, 4 mg (0.01 mmol) of palladium(II)actetate, 15 mg (0.02 
mmol) of S-Phos,  49 mg (0.35 mmol) of potassium carbonate, 2 mL of toluene, 2 mL 
ethanol, and 0.2 mL water.  The mixture was degassed with nitrogen for ~ 10 min and 
then stirred in a microwave reactor at 120 
o
C.  After stirring for 45 min, the resulting 
mixture was allowed to cool to room temperature, diluted with dichloromethane and 
washed with 10% HCl solution (!2), water (!1) and brine.  The organic layer was dried 
over magnesium sulfate and then filtered.  The solvent was removed under reduced 
pressure to provide a black oil. Mass spectral analysis of the crude product confirmed the 
absence of the desired product.
1
 
 
                                                
1
 Ionization method positive Direct Exposure Probe (DEP). 
2.21 4.9 
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4.4.14 Attempted Synthesis of 1,2,5,6-Tetrakis(2,6-dichlorophenyl)corannulene (4.9) 
 
Br
Br
Br
Br
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
ZnCl
Cl
Cl
THF, Pd[P(t-Bu3)]2
 
 
 
 To an oven dried pressure vessel equipped with a stir bar were added 20 mg (0.04 
mmol) of 1,2,5,6-tetrabromocorannulene (2.21), 10 mg (0.02 mmol) bis(tri-tert-
butylphosphine)palladium, and 3 mL of a 2,6-dichlorophenylzinc chloride (0.18 M in 
tetrahydrofuran) solution.
1
  The reaction vessel was placed in an oil bath heated to 70 
o
C 
and allowed to stir.  After 24 h, the resulting mixture was allowed to cool to room 
temperature, diluted with dichloromethane and washed with 10% HCl solution (!2), 
water (!1) and brine.  The organic layer was dried over magnesium sulfate and then 
filtered.  The solvent was removed under reduced pressure to provide a black oil. The 
crude mixture was then subjected to aluminum oxide chromatography using 
hexanes:dichloromethane as an eluant.  Mass spectral analysis of the chromatographic 
fractions confirmed the presence of a mass corresponding to that of the desired product;
2
 
however, upon further purification the product was lost. 
                                                
1
 Zinc reagent was prepared following the method reported by Jackson, E. A. Ph.D. Dissertation, Boston 
College: Chestnut Hill, MA, 2008.   
2
 Ionization method positive Direct Exposure Probe (DEP). 
2.21 4.9 
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4.4.15 Attempted Synthesis of 1,2,5,6-Tetrakis(2,6-dichlorophenyl)corannulene (4.9) 
 
 
I
I
I
I
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Pd(PPh3)4, K2CO3
Toluene/EtOH/H2O
B(OH)2
Cl
Cl
 
 
 
 To a microwave reaction vessel equipped with a stir bar were added 25 mg (0.03 
mmol) of 1,2,5,6-tetraiodocorannulene (2.20), 38 mg (0.19 mmol) of 2,6-
dichlorophenylboronic acid, 6 mg (0.01 mmol) of tetrakis(triphenylphosphine)-
palladium, 36 mg (0.27 mmol) of potassium carbonate, 1.5 mL of toluene, 1.5 mL 
ethanol, and 0.2 mL water.  The mixture was degassed with nitrogen for ~ 10 min and 
then stirred in a microwave reactor at 100 
o
C.  After stirring for 30 min, the resulting 
mixture was allowed to cool to room temperature, diluted with dichloromethane and 
washed with 10% HCl solution (!2), water (!1) and brine.  The organic layer was dried 
over magnesium sulfate and then filtered.  The solvent was removed under reduced 
pressure to provide a blackish/green oil. Mass spectral analysis of the crude product 
confirmed the absence of the desired product (the only mass observed in the crude 
reaction mixture is starting material).
1
   
                                                
1
 Ionization method positive Direct Exposure Probe (DEP). 
2.20 4.9 
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4.4.16 Attempted Synthesis of 1,2,5,6-Tetrakis(2,6-dichlorophenyl)corannulene (4.9) 
 
I
I
I
I
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
ZnCl
Cl
Cl
PhosRuPd
N
HCl
THF
 
 
 
 To an oven dried pressure vessel equipped with a stir bar were added 46 mg (0.06 
mmol) of 1,2,5,6-tetraiodocorannulene (2.20), 36 mg (0.05 mmol) RuPhos palladium(II) 
phenethylamine chloride,
1
 and 20 mL of a 2,6-dichlorophenylzinc chloride (0.18 M in 
tetrahydrofuran) solution.
2
  The reaction vessel was placed in an oil bath heated to 100 
o
C 
and allowed to stir.  After 24 h, the resulting mixture was allowed to cool to room 
temperature, diluted with dichloromethane and washed with 10% HCl solution (!2), 
water (!1) and brine.  The organic layer was dried over magnesium sulfate and then 
filtered.  The solvent was removed under reduced pressure to provide a black/green oil. 
Mass spectral analysis of the crude product confirmed the absence of the desired 
product.
3
 
                                                
1
 Catalyst prepared in accordance with reported methods: Biscoe, M.R.; Fors, B.P.; Buchwald, S.L. J. Am. 
Chem. Soc. 2008, 130, 6686-6687.  
2
 Zinc reagent prepared following the method reported by Jackson, E. A. Ph.D. Dissertation, Boston 
College: Chestnut Hill, MA, 2008.   
3
 Ionization method positive Direct Exposure Probe (DEP). 
2.20 4.9 
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4.4.17 2,6-Dibromophenylboronic acid (4.10) 
 
 
Br Br Br Br
B(OH)2
LDA, B(OMe)3
THF, -70 oC
 
 
 
 To a sealed oven dried flask equipped with a stir bar were added 2 mL (16.57 
mmol) of 1,3-dibromobenzene, and 30 mL tetrahydrofuran.  The reaction vessel was then 
placed in a -70 
o
C (methanol/dry ice) bath and allowed to equilibrate its temperature.  To 
the reaction flask was then added 12.2 mL (18.23 mmol) of lithium diisopropylamine (1.5 
M in cyclohexane) dropwise over a 10 min period.  After stirring for 3 h, 5.6 mL (49.72 
mmol) of trimethyl borate was then added to the mixture.  The reaction continued to stir 
for an additional 40 min after which 40 mL of 10% HCl solution was then added to the 
mixture.  The resulting mixture was then allowed to warm to room temperature, and the 
organic layer was then separated.  The aqueous layer was then back extracted with 
diethyl ether.  The organics layers were then combined, dried over magnesium sulfate, 
filtered and concentrated under reduced pressure.  The crude product was then diluted in 
40 mL hexanes, sonicated and placed in the freezer overnight.  After 24 h the crude 
product was removed from the freezer and filtered to provide 3.14 g (68% yield) of the 
desired product 4.10: mp (126-130 
o
C); 
1
H NMR (400 MHz, CDCl3) ! 7.45 (d, J = 8.0 
Hz, 2H), 7.10 (t, J = 8.0 Hz, 1H), 4.77 (s, 2H); 
13
C NMR (150 MHz, CDCl3) ! 134.27, 
4.10 
 155 
133.09, 127.94; HRMS DART (m/z) [M+H]
+
 calculated for C6H5BBr2O2: 279.8729, 
found 279.8737.  
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4.4.18 Attempted Synthesis of C44H14 Bowl (4.8) 
 
Br
Br
Br
Br
Br Br
B(OH)2
Pd2(dba)3, DMAc, 
Cs2CO3
N N
i-Pr
i-Pr
i-Pr
i-Pr
Cl  
To a microwave reaction vessel equipped with a stir bar were added 2 mg (0.04 
mmol) of 1,2,5,6-tetrabromocorannulene (2.21), 158 mg (0.56 mmol) of 2,6-
bromophenylboronic acid (4.10), 13 mg (0.01 mmol) of tris(dibenzylideneacetone)-
palladium, 12 mg (0.03 mmol) of N,N-bis(2,6-diisopropyl)imidazolium chloride,  553 mg 
(1.70 mmol) of cesium carbonate, and 5 mL of dimethylacetamide.  The mixture was 
degassed with nitrogen for ~ 10 min and then stirred in a microwave reactor at 180 
o
C.  
After stirring for 40 min, the resulting mixture was allowed to cool to room temperature, 
diluted with dichloromethane and washed with 10% HCl solution (!2), water (!1) and 
brine.  The organic layer was dried over magnesium sulfate and then filtered.  The 
solvent was stripped off under reduced pressure to provide a red oil. Mass spectral 
analysis of the crude product confirmed the presence of the desired product (the major 
product confirmed by mass analysis corresponds to a product having 5 of the 6 required 
bounds found in the product).
1
 
                                                
1
 Ionization method positive Direct Exposure Probe (DEP). 
2.21 4.8 
4.10 
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C:\Xcalibur\data\Brian\4BS-90-neg 7/22/2009 3:16:19 PM 4BS-90-neg
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4.4.19 Attempted Synthesis of 1,2,5,6-Tetraborocorannulene (4.11) 
 
 
Br
Br
Br
Br
Bpin
Bpin
Bpin
Bpin
B2pin2
Pd(OAc)2, K3PO4,
Dioxane, H2O, X-phos
80 oC, 24 h
 
 
  
To a flask equipped with a stir bar were added 20 mg (0.04 mmol) of 1,2,5,6-
tetrabromocorannulene (2.21), 108 mg (0.42 mmol) of bis(pinacolato)diboron, 90 mg 
(0.42 mmol) of potassium phosphate and 1 mL of dioxane.  The reaction flask was then 
sealed and purged with nitrogen gas.  To the reaction flask was then added 0.5 mL of a 
solution containing palladium(II)acetate (1 mol %), X-phos (3 mol %)  and water (4 mol 
%).
1
  The mixture was then placed in a 80 
o
C oil bath and allowed to stir. After 24 h the 
crude mixture was then allowed to cool to room temperature, diluted with 
dichloromethane and washed with 10% HCl solution (!2), water (!1) and brine.  The 
organic layer was then dried over magnesium sulfate and then filtered.  The crude 
material was then analyzed by mass spectrometry which confirmed the absence of 
product (the predominate observed mass is starting material).
2
     
 
                                                
1
 See reference for prep.  Fors, B. P.; Krattiger, P.; Strieter, E.; Buchwald, S. L. Org. Lett. 2008, 10, 3505-
3508. 
2
 Ionization method positive Direct Exposure Probe (DEP). 
2.21 4.11 
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4.4.20 Attempted Synthesis of 1,2,5,6-Tetraborocorannulene (4.11) 
 
 
Br
Br
Br
Br
Bpin
Bpin
Bpin
Bpin
B2pin2
Pd(OAc)2, K3PO4,
Dioxane, H2O, X-phos
Microwave 100 oC
20 min
 
 
  
To a flask equipped with a stir bar were added 20 mg (0.04 mmol) of 1,2,5,6-
tetrabromocorannulene (2.21), 108 mg (0.42 mmol) of bis(pinacolato)diboron, 90 mg 
(0.42 mmol) of potassium phosphate and 1 mL of dioxane.  The reaction flask was then 
sealed and purged with nitrogen gas.  To the reaction flask was then added 0.5 mL of a 
solution containing palladium(II)acetate (1 mol %), (3 mol %) X-phos and water (4 mol 
%).
1
  The mixture was then placed in a microwave reactor and irradiated at 100 
o
C. After 
irradiating for 20 min the crude reaction mixture was then allowed to cool to room 
temperature, diluted with dichloromethane and washed with 10% HCl solution (!2), 
water (!1) and brine.  The organic layer was then dried over magnesium sulfate and then 
filtered.  The crude reaction material was then analyzed by mass spectral analysis which 
confirmed the absence of product (the predominate observed mass is starting material).
2
     
 
                                                
1
 See reference for prep.  Fors, B. P.; Krattiger, P.; Strieter, E.; Buchwald, S. L. Org. Lett. 2008, 10, 3505-
3508. 
2
 Ionization method positive Direct Exposure Probe (DEP). 
2.21 4.11 
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4.4.21 Attempted Synthesis of 1,2,5,6-Tetraborocorannulene (4.11) 
 
Br
Br
Br
Br
Bpin
Bpin
Bpin
Bpin
B2pin2
Pd2(dba)3, K3PO4,
Dioxane, H2O, X-phos
110 oC, 12 h
 
 
  
To a flask equipped with a stir bar were added 67 mg (0.12 mmol) of 1,2,5,6-
tetrabromocorannulene (2.21), 503 mg (1.42 mmol) of bis(pinacolato)diboron, 139 mg 
(1.42 mmol) of potassium phosphate, 9 mg (0.01 mmol) of tris(dibenzylideneacetone)-
dipalladium, and 18 mg (0.04 mmol) of X-phos.  The reaction vessel was then sealed and 
purged with nitrogen gas.  To the reaction flask were then added 1 mL of dioxane and 0.1 
mL of water.  The reaction flask was then placed in an oil bath and allowed to stir at 110 
o
C.  After 12 h the crude mixture was then allowed to cool to room temperature, diluted 
with dichloromethane and washed with 10% HCl solution (!2), water (!1) and brine.  
The organic layer was then dried over magnesium sulfate and then filtered.  The crude 
material was then analyzed by mass spectral analysis which confirmed the absence of 
product (the predominate observed mass is starting material).
1
     
 
 
                                                
1
 Ionization method positive Direct Exposure Probe (DEP). 
 
2.21 4.11 
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4.4.22 1,2,5,6-Tetrakis(2-chloro-5-methoxyphenyl)corannulene (4.13) 
 
Pd[PPh3]4, K2CO3
Toluene/EtOH/H2O
70 oC, 2 d
Br
Br
Cl
Cl
B(OH)2
Cl
Cl
Cl
Br
Br
MeO
MeO
MeO
OMe
OMe
 
 
To a round bottom flask equipped with a stir bar were added 0.28 g (0.49 mmol) 
of 1,2,5,6-tetrabromocorannulene (2.21), 0.44 g (2.34 mmol) of 2-chloro-5-
methoxyphenylboronic acid (4.12), 0.90 g (0.08 mmol) of tetrakis(triphenylphosphine)-
palladium, 0.54 g (3.90 mmol) of potassium carbonate, 15 mL of toluene, 15 mL of 
ethanol, and 2 mL of water.  The reaction mixture was degassed with nitrogen for ~ 10 
min and then stirred in a silicon oil bath at 70 
o
C.  After stirring for 2 days, the resulting 
mixture was allowed to cool to room temperature, diluted with dichloromethane and 
washed with 10% HCl solution (!2), water (!1) and brine.  The organic layer was then 
dried over magnesium sulfate and then filtered.  The solvent was stripped off under 
reduced pressure to provide a brown oil.  The crude product was then purified with silica 
gel chromatography using cyclohexane:dichloromethane 2:1 to provide 0.38 g (97% 
yield) of a white solid. X-ray quality crystals were grown in acetonitrile standing in a 
sealed vessel over 2 d.  The X-ray data for 4.13 can be found at the Cambridge 
Crystallographic Data Centre CCDC deposition 747819: mp (254-256 
o
C); 
1
H NMR (500 
MHz, CD2Cl2) due to the inseparable mixture of rotational isomers, multiple peaks are 
observed between " 7.83 and " 6.49, 3.63 (m, 12H); 
13
C NMR (125 MHz, CD2Cl2) due to 
4.13 2.21 
4.12 
 164 
the inseparable mixture of rotational isomers, multiple peaks are observed between ! 
158.48 and ! 116.37, 54.21; HRMS DART (m/z) [M+H]
+
 calculated for C48H31Cl4O4: 
813.0947, found 813.0913. 
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4.4.23 1-Bromo-2-chloro-4-methoxybenzene 
 
ClNBS, ACN
Br
H3CO Cl H3CO
 
 
To a round bottom flask equipped with a stir bar were added 5 mL (40 mmol) of 
1-chloro-3-methoxybenzene, 7.99 g (44.9 mmol) of N-bromosuccinimide and 60 mL of 
acetonitrile.  The mixture was then stirred at room temperature.  After 24 h the crude 
mixture was then washed with 10% sodium thiosulfate solution, water and brine.  The 
resulting organic layer was dried over magnesium sulfate, filtered and concentrated to 
dryness to provide 1-bromo-2-chloro-4-methoxybenzene 3.45 g (89% yield) as a 
yellowish oil; no further purification was required: 
1
H NMR (400 MHz, CDCl3) ! 7.48 
(d, J = 8.9 Hz, 1H), 7.01 (d, J = 2.9 Hz, 1H), 6.69 (dd, J = 8.9 Hz, J = 2.9 Hz, 1H), 3.79 
(s, 3H); 
13
C NMR (100 MHz, CDCl3) ! 159.46, 135.02, 133.96, 115.93, 114.60, 113.00, 
55.89; HRMS DART (m/z) [M+H]
+
 calculated for C7H7BrClO: 220.9369, found 
220.9361.  
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4.4.23a 2-Chloro-4-methoxyphenylboronic acid (4.18) 
 
Cl1.) n-BuLi 2.) B(OMe)3
B(OH)2
H3CO Cl H3CO
Br
3.) H3O, THF
 
 
To a sealed oven dried flask equipped with a stir bar were added 7.58 g (34.2 
mmol) of 1-bromo-2-chloro-4-methoxybenzene, and 140 mL of tetrahydrofuran.  The 
reaction vessel was then placed in a -78 
o
C bath and allowed to equilibrate its 
temperature.  To the reaction flask was then added 20.5 mL (51.3 mmol) (2.5M in 
hexanes) of n-butyl lithium dropwise over a 30 min period.  After stirring for 1 h, 11.6 
mL (103 mmol) of trimethyl borate was then added dropwise to the mixture over 30 min.  
The resulting mixture continued to stir for an additional 1 h, after which the mixture was 
allowed to warm to room temperature. The crude mixture was then placed in a ice water 
bath, and 50 mL of a 10% HCl solution was slowly added.   The crude mixture continued 
stirring for 30 min, and the organic phase was then separated.  The organic layer was 
concentrated under reduced pressure to dryness and then taken back up in 
dichloromethane.  The organic layer was then washed with water and brine and then 
dried over magnesium sulfate, filtered and stripped of solvent under reduced pressure.  
The crude solid was then suspended in hexanes and left overnight in a freezer.  The 
solution was then filtered to provide 2.67 g of a light tan solid.  The solid was then 
dissolved in 50 mL diethyl ether and filtered to provide 1.82 g (45% yield) of 4.18: mp 
(180-182 
o
C); 
1
H NMR (400 MHz, CDCl3) ! 7.88 (d, J = 8.4 Hz, 1H), 6.89 (d, J = 2.4 
Hz, 1H), 6.85 (dd, J = 8.4 Hz,  J = 2.4 Hz, 1H), 3.83 (s, 3H); 
13
C NMR (150 MHz, 
4.18 
 172 
CDCl3) ! 142.81, 141.28, 118.58, 117.71, 115.40, 114.97, 58.10; HRMS DART (m/z) 
[M+H]
+
 calculated for C7H9BClO3: 187.0333, found 187.0336. 
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4.4.24 1,2,5,6-Tetrakis(2-chloro-4-methoxyphenyl)corannulene (4.15) 
Pd[PPh3]4, K2CO3
Toluene/EtOH/H2O
Br
Br
Cl
Cl
B(OH)2
Cl
Cl
Cl
Br
Br
MeO
MeO OMe
OMeMeO
 
 
To a microwave reaction vessel equipped with a stir bar were added 50 mg (0.09 
mmol) of 1,2,5,6-tetrabromocorannulene (2.21), 329 mg (1.77 mmol) of 2-chloro-4-
methoxyphenylboronic acid (4.18), 14 mg (0.01 mmol) of tetrakis(triphenylphosphine)-
palladium, 97 mg (0.71 mmol) of potassium carbonate, 3 mL of toluene, 3 mL of ethanol, 
and 0.5 mL of water.  The reaction mixture was degassed with nitrogen for ~ 10 min and 
then stirred in a microwave reactor at 100 
o
C.  After stirring for 30 min, the mixture was 
allowed to cool to room temperature, diluted with dichloromethane and washed with 10% 
HCl solution (!2), water (!1) and brine.  The organic layer was then dried over 
magnesium sulfate and then filtered.  The solvent was removed under reduced pressure to 
provide a brown oil.  The crude product was then purified with silica gel chromatography 
by cyclohexane:dichloromethane 1:1 to provide 36 mg (51% yield) of a pale yellow 
product 4.15: mp (slow decomposition 260 
o
C – 340 
o
C); 
1
H NMR (400 MHz, CD2Cl2) " 
7.78 (m, 2H), 7.50-6.63 (m, 16H), 3.78 (m, 12H); 
13
C NMR (100 MHz, CD2Cl2) due to 
the inseparable mixture of rotational isomers multiple peaks are observed between " 
160.24 and 112.49, 56.11; HRMS DART (m/z) [M+H]
+
 calculated for C48H31Cl4O4: 
813.0947, found 813.0959. 
4.15 2.21 
4.18 
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4.4.25 1-Bromo-2-chloro-4,5-dimethoxybenzene  
 
BrNCS, ACN
Cl
H3CO Br H3CO
H3CO H3CO  
 
 To a round bottom flask equipped with a stir bar were added 0.7 mL (5 mmol) of 
1-bromo-3,4-dimethoxybenzene, 0.80 g (6 mmol) of N-chlorosuccinimide and 15 mL of 
acetonitrile.  The reaction flask was then placed in a oil bath heated to 63 
o
C, and the 
reaction mixture was stirred.  After 24 h the crude mixture was then allowed to cool to 
room temperature, washed with 10% sodium thiosulfate solution, water and brine.  The 
resulting organic layer was dried over magnesium sulfate, filtered and concentrated to 
dryness.  The crude mixture was then purified by an aluminum oxide plug and 
hexanes:ethyl acetate 3:1 as the eluant to provide a white powder 1.01 g (80% yield) of 1-
bromo-2-chloro-4,5-dimethoxybenzene: mp (82-85 
o
C); 
1
H NMR (400 MHz, CDCl3) ! 
7.04 (s, 1H), 6.93 (s, 1H), 3.85 (s, 6H); 
13
C NMR (100 MHz, CDCl3) ! 148.84, 148.26, 
125.51, 115.74, 112.84, 112.17, 56.21; HRMS DART (m/z) [M+H]
+
 calculated for 
C8H8BrClO2: 251.9367, found 251.9363. 
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4.4.25a 2-Chloro-4,5-dimethoxyphenylboronic acid (4.19) 
 
Cl1.) n-BuLi, 2.) B(OMe)3
B(OH)2
H3CO Cl H3CO
Br
3.) H3O
+
H3CO H3CO  
 
 
 To a sealed oven dried flask equipped with a stir bar were added 1.16 g (4.61 
mmol) of 1-bromo-2-chloro-4,5-dimethoxybenzene, and 20 mL of tetrahydrofuran.  The 
reaction vessel was then placed in a -78 
o
C bath and allowed to equilibrate its 
temperature.  To the reaction flask was then added 2.2 mL (5.1 mmol) (2.3M in hexanes) 
of n-butyl lithium dropwise over a 15 min period.  After stirring for 1 h, 1.7 mL (15 
mmol) of trimethyl borate was then added dropwise to the resulting mixture over 10 min.  
The mixture continued to stir for an additional 1 h, after which it was allowed to warm to 
room temperature. The mixture was then placed in an ice water bath, and 15 mL of a 10% 
HCl solution was slowly added.  The crude mixture continued stirring for 30 min, after 
which time 30 mL of ethyl acetate was then added. The organic phase was then 
separated, and the aqueous phase was then back extracted with ethyl acetate.  The 
organics were then combined, dried over magnesium sulfate, filtered and concentrated 
under reduced pressure.  The solid was then suspended in diethyl ether, sonicated and 
filtered to provide 0.61 g (61% yield) of 4.19: mp (180-182 
o
C); 
1
H NMR (400 MHz, 
CDCl3) ! 7.44 (s, 1H), 6.87 (s, 1H), 3.94 (s, 6H); 
13
C NMR (100 MHz, CDCl3) ! 157.77, 
147.57, 131.34, 118.37, 112.42, 56.05, 55.99; HRMS DART (m/z) [M+H]
+
 calculated for 
C8H11BClO4: 217.0439, found 217.0449. 
4.19 
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4.4.26 1,2,5,6-Tetrakis(2-chloro-4,5-dimethoxyphenyl)corannulene (4.16) 
Pd[PPh3]4, K2CO3
Toluene/EtOH/H2O
Br
Br
Cl
Cl
B(OH)2
Cl
Cl
Cl
Br
Br
MeO
MeO OMe
OMeMeO
MeO
MeO
MeO
OMe
OMe
 
 
 
To a round bottom flask equipped with a stir bar were added 25 mg (0.04 mmol) 
of 1,2,5,6-tetrabromocorannulene (2.21), 143 mg (0.66 mmol) of 6-chloro-1,3-di-
methoxyphenylboronic acid (4.19), 8 mg (0.01 mmol) of tetrakis(triphenylphosphine)-
palladium, 91 mg (0.66 mmol) of potassium carbonate, 2.50 mL of toluene, 2.50 mL of 
ethanol, and 0.75 mL of water.  The mixture was degassed with nitrogen for ~ 10 min and 
then stirred in a microwave reactor at 100 
o
C.  After stirring for 30 min, the resulting 
mixture was allowed to cool to room temperature, diluted with dichloromethane and 
washed with 10% HCl solution (!2), water (!1) and brine.  The organic layer was then 
dried over magnesium sulfate and then filtered.  The solvent was removed under reduced 
pressure to provide a brown oil.  The crude product was then purified with silica gel 
chromatography using ethyl acetate:hexanes 2:3 to provide 17 mg (21% yield) of a white 
powder 4.16: mp (211-220 
o
C); 
1
H NMR (600 MHz, CDCl3) due to the mixture of 
inseparable rotational isomers multiple signals are observed between " 7.81 and 6.49, 
3.87; 
13
C NMR (150 MHz, CDCl3) due to the mixture of inseparable rotational isomers 
multiply signals are observed between " 148.90 and 111.56, 56.01; HRMS DART (m/z) 
[M+H]
+
 calculated for C52H38Cl4O8: 933.1369, found 933.1328.    
4.16 2.21 
4.19 
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4.4.27 1,3-Benzodioxole
1
  
 
HO OH OO
Cs2CO3, DMF
BrCH2Cl  
 
 
 To an oven dried round bottom flask were added 5.5 g (50 mmol) of 1,2-
dihydroxybenzene and 24.4 g (75.0 mmol) of cesium carbonate.  The reaction vessel was 
then sealed and purged with nitrogen gas.  To the reaction vessel were then added 120 
mL of dimethylforamide followed by the dropwise addition 9.6 g (75.0 mmol) of 
bromochloromethane.  The mixture was then placed in an oil bath heated to 107 
o
C and 
left to stir.  After 2 h the resulting mixture was then diluted with 100 mL of water, and 
then extracted with diethyl ether.  The organic layers were then dried over magnesium 
sulfate, filtered and concentrated to dryness under reduced pressure.  A short silica gel 
plug run with petroleum ether provided the desired product in 67% yield (4.1 g). The 
spectroscopic properties of this compound are consistent with those previously reported:
1
 
1
H NMR (400 MHz, CDCl3) ! 6.83 (s, 4H), 5.94 (s, 2H). 
 
 
 
                                                
1
 Cabiddu, M.; G.; Cadoni, E.; De Montis, S.; Fattuoni, C.; Melis, S.; Usai, M. Tetrahedron. 2003, 59, 
4383-4387 
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4.4.27a 5-Bromo-1,3-benzodioxole 
 
O
O
O
O
BrNBS, ACN
 
 
 
 To a round bottom flask equipped with a stir bar were added 1.52 g (10.7 mmol) 
of 1,3-benzodioxole, 2.09 g (11.7 mmol) of N-bromosuccinimide and 15 mL of 
acetonitrile.  The mixture was then stirred at room temperature.  After 24 h the crude 
mixture was concentrated to dryness under reduced pressure, and then dissolved in 
hexanes and washed with 10% sodium thiosulfate solution twice.  The resulting organic 
layer was dried over magnesium sulfate, filtered and concentrated to dryness to provide a 
light yellow oil of 5-bromo-1,3-benzodioxole in quantitative yield (2.14 g): 
1
H NMR 
(400 MHz, CDCl3) ! 6.95 (s, 1H), 6.94 (d, J = 8.4 Hz, 1H), 6.68 (d, J = 8.4 Hz, 1H), 5.96 
(s, 2H); 
13
C NMR (100 MHz,  CDCl3) ! 148.52, 146.93, 124.26, 113.00, 112.26, 109.53, 
101.55; HRMS DART (m/z) [M+H]
+
 calculated for C7H5BrO2: 200.9551, found 
200.9556. 
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4.4.27b 5-Bromo-6-chloro-1,3-benzodioxole 
 
 
O
O
O
O
BrNCS, ACN
Cl
Br
 
 
 
 To a round bottom flask equipped with a stir bar were added 3.01 g (15.0 mmol) 
of 5-bromo-1,3-benzodioxole, 2.00 g (15.0 mmol) of N-chlorosuccinimide and 45 mL of 
acetonitrile.  The reaction flask was then placed in an oil bath at 63 oC, and the reaction 
mixture was stirred.  After 24 h the crude mixture was allowed to cool to room 
temperature and then washed with 10% sodium thiosulfate solution, water and brine.  The 
resulting organic layer was dried over magnesium sulfate, filtered and concentrated to 
dryness to provide a light tan solid of 5-bromo-6-chloro-1,3-benzodioxole in quantitative 
yield (3.45 g), no further purification was required: mp (78-79 oC); 1H NMR (400 MHz, 
CDCl3) ! 7.04 (s, 1H), 6.92 (s, H), 6.00 (s, 2H); 
13C NMR (100 MHz,  CDCl3) ! 147.78, 
147.21, 126.36, 112.97, 110.26, 102.29.  
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4.4.27c 6-chloro-1,3-benzodioxole-5-boronic acid (4.20) 
 
O
O
O
O
Cl
B(OH)2
Cl
Br
1.) n-BuLi 2.) B(OMe)3
3.) H3O
+
THF, -78 oC  
 
 
 To a sealed oven dried flask equipped with a stir bar were added 3.42 g (14.55 
mmol) of 5-bromo-6-chloro-1,3-benzodioxole, and 60 mL tetrahydrofuran.  The reaction 
vessel was then placed in a -78 
o
C bath and allowed to equilibrate its temperature.  To the 
reaction flask was then added 6.96 mL (16.0 mmol) (2.3M in hexanes) of n-butyl lithium 
dropwise over a 30 min period.  After stirring for 1 h, 4.95 mL (43.6 mmol) of trimethyl 
borate was then added dropwise to the reaction mixture over 15 min.  The mixture 
continued to stir for an additional 2 h, after which it was allowed to warm to room 
temperature.  After 1 h the resulting mixture was placed in an ice water bath, and 45 mL 
of a 10% HCl solution was slowly added to the reaction mixture.   The crude mixture 
continued stirring for 30 min; 30 mL of ethyl acetate was then added to the reaction 
mixture, and the organic phase was separated.  The organic layer was dried over 
magnesium sulfate, filtered and stripped of solvent under reduced pressure.  The crude 
solid was then partially dissolved in 50 mL of diethyl ether and filtered to provide 1.82 g 
(63% yield): mp (172-179 
o
C) 
1
H NMR (400 MHz, CDCl3) ! 7.37 (s, 1H), 6.83 (s, 1H), 
6.02 (s, 2H), 5.20 (s, 2H); 
13
C NMR (100 MHz, CDCl3) ! 148.51, 145.93, 128.37, 
112.49, 109.58, 101.67; HRMS DART (m/z) [M+H]
+
 calculated for C7H7BClO4: 
203.0096, found 203.0106. 
4.20 
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4.4.28 1,2,5,6-Tetrakis(2-chloro-4,5-methylenedioxyphenyl)corannulene (4.17) 
Pd[PPh3]4, K2CO3
Toluene/EtOH/H2O
Br
Br
Cl
Cl
B(OH)2
Cl
Cl
Cl
Br
Br
O O
OO
O
O
O
O
O
O
 
 
 
To a round bottom flask equipped with a stir bar were added 25 mg (0.04 mmol) 
of 1,2,5,6-tetrabromocorannulene (2.21), 133 mg (0.66 mmol) of 6-chloro-1,3-
benzodioxole-5-boronic acid (4.20), 8 mg (0.01 mmol) of tetrakis(triphenylphosphine)-
palladium, 91 mg (0.66 mmol) of potassium carbonate, 2.50 mL of toluene, 2.50 mL of 
ethanol, and 0.75 mL of water.  The mixture was degassed with nitrogen for ~ 10 min and 
then stirred in a microwave reactor at 100 
o
C.  After stirring for 30 min, the resulting 
mixture was allowed to cool to room temperature, diluted with dichloromethane and 
washed with 10% HCl solution (!2), water (!1) and brine.  The organic layer was then 
dried over magnesium sulfate and then filtered.  The solvent was removed under reduced 
pressure to provide a brown oil.  The crude product was then purified with silica gel 
chromatography by hexanes:dichloromethane 1:2 to provide 21 mg (27% yield) of a 
white powder 4.17: mp (slow decomposition from 266 to 290 
o
C) 
1
H NMR (600 MHz, 
CDCl3) due to the mixture of inseparable rotational isomers multiple signals are observed 
between " 7.78 and 5.95; 
13
C NMR (150 MHz, CDCl3) due to the mixture of inseparable 
rotational isomers multiple signals are observed between " 148.08 and 102.04; HRMS 
DART (m/z) [M+H]
+
 calculated C48H22Cl4O8: 866.0069, found 866.0038.  
4.17 2.21 
4.20 
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4.4.29 3,6,13,16-Tetramethoxytetraindeno[1,2,3-bc:1!,2!,3!-ef:1!!,2!!,3!!-hi:1!!!,2!!!,3!!!-kl]-
corannulene (4.14) 
 
Pd[PCy3]2Cl2, DBU
DMAc
OMe
OMe
MeO
MeO
Cl
Cl
Cl
Cl
MeO
MeO
OMe
OMe
 
 
 
To a microwave pressure vessel equipped with a stir bar were added 35 mg (0.04 
mmol) of 1,2,5,6-tetrakis(2-chloro-5-methoxyphenyl)corannulene (4.13), and 25 mg 
(0.03 mmol) of bis(tricyclohexylphosphine)palladium dichloride.  The reaction vessel 
was sealed with a rubber microwave septum and then purged with nitrogen gas.  To the 
reaction flask were then added 6 mL of dimethylacetamide, and 0.4 mL (2.67 mmol) of 
1,8-diazabicyclo[5.4.0]-undec-7-ene.  The mixture was then degassed with nitrogen for ~ 
5 minutes and then placed in a microwave reactor.  After being irradiated for 45 minutes 
at 175 
o
C, the mixture was allowed to cool to room temperature and then diluted with ~ 
50 ml dichloromethane.  The crude mixture was then washed with a 10% HCl solution 
("3), water ("1) and brine ("1).  The organic layer was then dried over magnesium 
sulfate, filtered and concentrated under reduced pressure.  The crude product was then 
taken up in ~ 5 mL of dichloromethane.  From the solution, upon sitting an orange 
precipitate formed.  The precipitate was then collected by suction filtration to provide 24 
mg (84% yield) of a bright orange powder; mp (> 300 
o
C); 
1
H NMR (400 MHz CD2Cl2, 
CS2) # 7.87 (d, J = 8.0 Hz, 2H), 7.48 (s, 2H), 7.43 (s, 2H), 7.42 (d, J = 8.0 Hz, 2H), 7.28 
4.13 4.14 
 202 
(s, 2H), 7.14 (s, impurity from carbon disulfide), 6.79 (d, J = 8.0 Hz, 2H), 6.69 (d, J = 8.0 
Hz, 2H), 3.92 (s, 6H), 3.88 (s, 6H); 
13
C NMR could not be obtained.
1
 HRMS DART (m/z) 
[M+H]
+
 calculated for C48H27O4: 667.1909, found 667.1897. 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                
1
 Several attempts were made to obtain a 
13
C NMR spectrum on a 500 MHz NMR spectrometer, but no 
signals could be observed. 
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4.4.30 2,7,12,17-Tetramethoxytetraindeno[1,2,3-bc:1!,2!,3!-ef:1!!,2!!,3!!-hi:1!!!,2!!!,3!!!-kl]-
corannulene (4.21) 
Pd[PCy3]2Cl2, DBU
Cl
Cl
Cl
Cl
MeO OMe
OMeMeO
MeO OMe
MeO OMe
DMAc
 
 
To a microwave pressure vessel equipped with a stir bar were added 30 mg (0.04 
mmol) of 1,2,5,6-tetrakis(2-chloro-4-methoxyphenyl)corannulene (4.15), and 22 mg 
(0.03 mmol) of bis(tricyclohexylphosphine)palladium dichloride.  The reaction vessel 
was sealed with a rubber microwave septum and then purged with nitrogen gas.  To the 
reaction flask were then added 6 mL of dimethylacetamide, and 0.4 mL (2.67 mmol) of 
1,8-diazabicyclo[5.4.0]-undec-7-ene.  The mixture was then degassed with nitrogen for ~ 
5 minutes and then placed in a microwave reactor.  After being irradiated for 45 minutes 
at 175 
o
C the reaction vessel was allowed to cool to room temperature and then diluted 
with ~ 50 mL of dichloromethane.  The crude mixture was then washed with a 10% HCl 
solution ("3), water ("1) and brine ("1).  The organic layer was then dried over 
magnesium sulfate, filtered and concentrated under reduced pressure.  The crude product 
was then purified by preparative Thin Layer Chromatography with 
tetrahydrofuran:hexanes 2:1 and dichloromethane to provide 1 mg (4% yield) of an 
orange solid; mp (slow decomposition beginning at 340 
o
C); 
1
H NMR (400 MHz CDCl3) 
# 7.74 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 2.4 Hz, 2H), 7.19 (s, 2H), 
7.04 (d, J = 2.4 Hz, 2H), 6.73 (dd, J = 8.0 Hz, J = 2.4 Hz, 2H), 6.67 (dd, J = 8.0 Hz, J = 
4.21 4.15 
 205 
2.4 Hz, 2H), 3.90 (s, 6H), 3.84 (s, 6H); 
13
C NMR was not obtained due to insufficient 
material.  
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4.4.31 Attempted Synthesis of Tetrakis(3,4-benzodioxole)tetraindeno[1,2,3-bc:1!,2!,3!-
ef:1!!,2!!,3!!-hi:1!!!,2!!!,3!!!-kl]corannulene (4.22) 
 
Pd[PCy3]2Cl2, DBU
DMAc
Cl
Cl
Cl
Cl
MeO OMe
OMeMeO
MeO
MeO
OMe
OMe
OMe
OMeMeO
MeO
MeO OMe
MeO OMe  
 
To a microwave pressure vessel equipped with a stir bar were added 17 mg (0.02 
mmol) of 1,2,5,6-tetrakis(2-chloro-4,5-dimethoxy)corannulene (4.16), and 11 mg (0.02 
mmol) of bis(tricyclohexylphosphine)palladium dichloride.  The reaction vessel was 
sealed with a rubber microwave septum and then purged with nitrogen gas.  To the 
reaction flask were then added 6 mL of dimethylacetamide, and 0.4 mL (2.66 mmol) of 
1,8-diazabicyclo[5.4.0]-undec-7-ene.  The mixture was then degassed with nitrogen for ~ 
5 minutes and then placed in a microwave reactor.  After being irradiated for 45 minutes 
at 175 
o
C, the reaction vessel was allowed to cool to room temperature and then diluted 
with ~ 50 mL of dichloromethane.  The crude mixture was then washed with a 10% HCl 
solution ("3), water ("1) and brine ("1).  The organic layer was then dried over 
magnesium sulfate, filtered and concentrated under reduced pressure. Mass spectral 
analysis of the crude reaction mixture confirmed the absence of the desired product 
4.16 4.22 
 208 
(crude reaction masses observed correspond to multiply annulation products along with 
hydrodehalogenated products).
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                
1
 Ionization method positive Direct Exposure Probe (DEP). 
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4.4.32 Attempted Synthesis of 2,3-6,7-12,13-16,17-Tetrakis(methylenedioxy)tetraindeno-
[1,2,3-bc:1!,2!,3!-ef:1!!,2!!,3!!-hi:1!!!,2!!!,3!!!-kl]corannulene (4.23) 
 
Pd[PCy3]2Cl2, DBU
DMAc
Cl
Cl
Cl
Cl
O O
OO
O
O
O
O
O
O
O
O
O
O
O
O
 
 
 
To a microwave pressure vessel equipped with a stir bar were added 19 mg (0.02 
mmol) of 1,2,5,6-tetrakis(2-chloro-4,5-methylenedioxy)corannulene (4.17), and 13 mg 
(0.02 mmol) of bis(tricyclohexylphosphine)palladium dichloride.  The reaction vessel 
was sealed with a rubber microwave septum and then purged with nitrogen gas.  To the 
reaction flask were then added 4 mL of dimethylacetamide, and 0.20 mL (1.3 mmol) of 
1,8-diazabicyclo[5.4.0]-undec-7-ene.  The mixture was then degassed with nitrogen for ~ 
5 minutes and then placed in a microwave reactor.  After being irradiated for 45 minutes 
at 175 
o
C the reaction vessel was allowed to cool to room temperature and then diluted 
with ~ 50 mL of dichloromethane.  The crude mixture was then washed with a 10% HCl 
solution ("3), water ("1) and brine ("1).  The organic layer was then dried over 
magnesium sulfate, filtered and concentrated under reduced pressure.  The crude product 
was then subjected to silica gel chromatography using cyclohexane:dichloromethane 1:1 
as the eluant. A complete isolation of the desired product was never realized. However, 
4.17 4.23 
 210 
mass spectral analysis of the chromatographic fractions suggests that the desired product 
is formed in the reaction.
1
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1
 Ionization method positive Direct Exposure Probe (DEP). 
Mass of the desired product 
matches observed 722.65 m/z 
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4.4.33 1,2,5,6,8-Pentakis(2-chloro-5-methoxyphenyl)corannulene (4.24) 
 
Pd[PPh3]4, K2CO3
Toluene/EtOH/H2O
Br
Br
Cl
Cl
B(OH)2
Cl
Cl
Cl
Br
Br
MeO
MeO
MeO
OMe
OMe
Cl
MeO
Br
 
 
To a round bottom flask equipped with a stir bar were added 300 mg (0.46 mmol) 
of 1,2,5,6,8-pentabromocorannulene (2.22), 520 mg (2.79 mmol) of 2-chloro-5-
methoxyphenylboronic acid (4.12), 107 mg (0.09 mmol) of tetrakis-
(triphenylphosphine)palladium, 514 mg (3.72 mmol) of potassium carbonate, 20 mL of 
toluene, 20 mL of ethanol, and 2 mL of water.  The mixture was degassed with nitrogen 
for ~ 10 minutes and then stirred in a 70 
o
C silicon oil bath.  After stirring for 2 days, the 
resulting mixture was allowed to cool to room temperature, diluted with dichloromethane 
and washed with 10% HCl solution (!2), water (!1) and brine.  The organic layer was 
then dried over magnesium sulfate and then filtered.  The solvent was removed under 
reduced pressure to provide a brown oil.  The crude product was then purified with silica 
gel chromatography using hexanes:dichloromethane 2:1 to provide 359 mg (81% yield) 
of a light yellow solid 4.24: mp (203-209 
o
C); 
1
H NMR (600 MHz, CDCl3) due to the 
mixture of inseparable rotational isomers peaks can be observed between " 7.50 – 6.75, 
3.83 – 3.54; 
13
C NMR (150 MHz, CDCl3) due to the mixture of inseparable rotational 
4.24 
2.22 
4.12 
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isomers peaks can be observed between ! 160.78 – 118.02, 58.15; HRMS DART (m/z) 
[M+H]
+
 calculated for C55H36Cl5O5: 953.0976, found 953.0931. 
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4.4.34 1,2,5,6,8-Pentakis(2-chloro-4,5-dimethoxyphenyl)corannulene (4.25) 
Pd[PPh3]4, K2CO3
Toluene/EtOH/H2O
Br
Br
Cl
Cl
B(OH)2
Cl
Cl
Cl
Br
Br
MeO
MeO OMe
OMeMeO
MeO
MeO
MeO
OMe
OMe
Cl
MeO
OMe
Br
 
 
To a round bottom flask equipped with a stir bar were added 69 mg (0.11 mmol) 
of 1,2,5,6,8-pentabromocorannulene (2.22), 138 mg (0.64 mmol) of 2-chloro-4,5-
dimethoxyphenylboronic acid (4.19), 25 mg (0.02 mmol) of tetrakis-
(triphenylphosphine)palladium, 117 mg (0.85 mmol) of potassium carbonate, 5 mL of 
toluene, 5 mL of ethanol, and 1.5 mL of water.  The mixture was degassed with nitrogen 
for ~ 10 minutes and then stirred in a 70 
o
C silicon oil bath.  After stirring for 2 days, the 
resulting mixture was allowed to cool to room temperature, diluted with dichloromethane 
and washed with 10% HCl solution (!2), water (!1) and brine.  The organic layer was 
then dried over magnesium sulfate and then filtered.  The solvent was removed under 
reduced pressure to provide a brown oil.  The crude product was then purified with silica 
gel chromatography by hexanes:ethyl acetate 1:2 to provide 35 mg (30% yield) of a 
yellow solid 4.25: mp (209 – 214 
o
C); 
1
H NMR (400 MHz, CDCl3) due to the mixture of 
inseparable rotational isomers peaks can be observed between " 7.52 – 6.79, 3.91 – 3.54; 
13
C NMR (100 MHz, CDCl3) due to the mixture of inseparable rotational isomers peaks 
4.25 
2.22 
4.19 
 216 
can be observed between ! 148.87 – 111.57, 55.99; HRMS DART (m/z) [M+H]
+
 
calculated for C60H46Cl5O10: 1101.1534, found 1101.1489. 
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4.4.35 1,2,5,6,8-Pentakis(2-chloro-4,5-methylenedioxyphenyl)corannulene (4.26) 
 
Pd[PPh3]4, K2CO3
Toluene/EtOH/H2O
Br
Br
Cl
Cl
B(OH)2
Cl
Cl
Cl
Br
Br
O O
OO
O
O
O
O
O
O
Cl
O
O
Br
 
 
To a round bottom flask equipped with a stir bar were added 50 mg (0.08 mmol) 
of 1,2,5,6,8-pentabromocorannulene (2.22), 186 mg (0.93 mmol) of 2-chloro-4,5-
methylenedioxyphenylboronic acid (4.20), 18 mg (0.02 mmol) of tetrakis-
(triphenylphosphine)palladium, 107 mg (0.77 mmol) of potassium carbonate, 5 mL of 
toluene, 5 mL of ethanol, and 1 mL of water.  The mixture was degassed with nitrogen 
for ~ 10 minutes and then stirred in a 70 
o
C silicon oil bath.  After stirring for 2 days, the 
resulting mixture was allowed to cool to room temperature, diluted with dichloromethane 
and washed with 10% HCl solution (!2), water (!1) and brine.  The organic layer was 
then dried over magnesium sulfate and then filtered.  The solvent was removed under 
reduced pressure to provide a brown oil.  The crude product was then purified using silica 
gel chromatography and hexanes:dichloromethane 1:2 increasing to 1:4 providing 29 mg 
(37% yield) of a yellow solid 4.26: mp (slow decomposition 292-311 
o
C); 
1
H NMR (600 
MHz, CDCl3) due to the mixture of inseparable rotational isomers multiple signals are 
observed between " 7.49 and 5.97; 
13
C NMR (150 MHz, CDCl3) due to the mixture of 
4.26 
2.22 
4.20 
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inseparable rotational isomers multiple signals are observed between ! 147.88 and 
101.75; HRMS DART (m/z) [M]
+
 calculated for C55H25Cl5O10: 1019.9890, found 
1019.9893. 
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4.4.36 3,6,10,15,18-Pentamethoxyphenylpentaindeno[1,2,3-bc:1!,2!,3!-ef:1!!,2!!,3!!-hi:-
1!!!,2!!!,3!!!-kl:1!!!!,2!!!!,3!!!!-no]corannulene  (4.27) 
Pd(PCy3)2Cl2
DBU, DMAc
Cl
Cl
Cl
Cl
MeO
MeO
OMe
OMe
Cl
MeO
OMe
OMe
MeO
MeO
OMe  
 
To a microwave pressure vessel equipped with a stir bar were added 35 mg (0.04 
mmol) of 1,2,5,6,8-pentakis(2-chloro-5-methoxyphenyl)corannulene (4.24), and 27 mg 
(0.04 mmol) of bis(tricyclohexylphosphine)palladium dichloride.  The reaction vessel 
was sealed with a rubber microwave septum and then purged with nitrogen gas.  To the 
reaction flask were then added 6 mL of dimethylacetamide, and 0.4 mL (2.67 mmol) of 
1,8-diazabicyclo[5.4.0]-undec-7-ene.  The mixture was then degassed with nitrogen for ~ 
5 minutes and then placed in a microwave reactor.  After being irradiated for 45 minutes 
at 175 
o
C the reaction vessel was allowed to cool to room temperature and then diluted 
with ~ 50 mL of dichloromethane.  The crude mixture was then washed with a 10% HCl 
solution ("3), water ("1) and brine ("1).  The organic layer was then dried over 
magnesium sulfate, filtered and concentrated under reduced pressure.  To the crude 
product was then added ~ 5 mL of hexanes, whereupon a dark orange precipitate formed.  
The precipitate was collected by suction filtration and then probed by mass spectral 
analysis.  Mass analysis confirmed the presence of the desired product or products 
4.27 4.24 
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corresponding to the mass of 4.27.
1
 All attempts at purifying the crude reaction proved 
unsuccessful. 
C:\Xcalibur\data\Brian\3BS-115-frac5 2/1/2008 12:07:07 PM 3BS-115-column-wash
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1
 Ionization method positive Direct Exposure Probe (DEP). 
Mass of desired product 770.82 m/z 
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4.4.37 Attempted Synthesis of 2,3,6,7,10,11,14,15,17,18-Decamethoxypentaindeno-
[1,2,3-bc:1!,2!,3!-ef:1!!,2!!,3!!-hi:1!!!,2!!!,3!!!-kl:1!!!!,2!!!!,3!!!!-no]corannulene (4.28) 
Pd(PCy3)2Cl2
DBU, DMAc
Cl
Cl
Cl
Cl
MeO
MeO
OMe
OMe
Cl
MeO
OMe
OMe
MeO
MeO
MeO OMe
MeO OMe
OMe
MeO OMe
OMeMeO
MeO OMe
 
 
 
To a microwave pressure vessel equipped with a stir bar were added 47 mg (0.04 
mmol) of 1,2,5,6,8-pentakis(2-chloro-4,5-dimethoxyphenyl)corannulene (4.25), and 32 
mg (0.04 mmol) of bis(tricyclohexylphosphine)palladium dichloride.  The reaction vessel 
was sealed with a rubber microwave septum and then purged with nitrogen gas.  To the 
reaction flask were then added 6 mL of dimethylacetamide, and 0.4 mL (2.67 mmol) of 
1,8-diazabicyclo[5.4.0]-undec-7-ene.  The mixture was then degassed with nitrogen for ~ 
5 minutes and then placed in a microwave reactor.  After being irradiated for 45 minutes 
at 180 
o
C the reaction vessel was allowed to cool to room temperature and then diluted 
with ~ 10 mL of dichloromethane.  The crude mixture was then washed with a 10% HCl 
solution ("3), water ("1) and brine ("1).  The organic layer was then dried over 
magnesium sulfate, filtered and concentrated under reduced pressure.  Mass analysis 
4.28 4.25 
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confirmed the absence of the desired product or products corresponding to the mass of 
4.28.
1
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                
1
 Ionization method positive Direct Exposure Probe (DEP). 
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4.4.38 Attempted Synthesis of 2,3-6,7-10,11-14,15-17,18-Pentakis(methylenedioxy)-
pentaindeno[1,2,3-bc:1!,2!,3!-ef:1!!,2!!,3!!-hi:1!!!,2!!!,3!!!-kl:1!!!!,2!!!!,3!!!!-no]corannulene  
(4.29) 
Pd(PCy3)2Cl2
DBU, DMAc
Cl
Cl
Cl
Cl
O O
OO
O
O
O
O
Cl
O
O
O
O O
O
O
OO
O
O O
 
 
 
To a microwave pressure vessel equipped with a stir bar were added 24 mg (0.02 
mmol) of 1,2,5,6,8-pentakis(2-chloro-4,5-methylenedioxyphenyl)corannulene (4.26), and 
17 mg (0.02 mmol) of bis(tricyclohexylphosphine)palladium dichloride.  The reaction 
vessel was sealed with a rubber microwave septum and then purged with nitrogen gas.  
To the reaction flask were then added 4 mL of dimethylacetamide, and 0.27 mL (1.80 
mmol) of 1,8-diazabicyclo[5.4.0]-undec-7-ene.  The mixture was then degassed with 
nitrogen for ~ 5 minutes and then placed in a microwave reactor.  After being irradiated 
for 45 minutes at 180 
o
C the reaction vessel was allowed to cool to room temperature and 
then diluted with ~ 50 mL of dichloromethane.  The crude mixture was then washed with 
a 10% HCl solution ("3), water ("1) and brine ("1).  The organic layer was then dried 
over magnesium sulfate, filtered and concentrated under reduced pressure.  The crude 
4.26 4.29 
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mixture was then subjected to silica gel chromatograph and mass analysis,
1
 which 
confirmed the absence of the desired product.  
 
 
                                                
1
 Ionization method positive Direct Exposure Probe (DEP). 
  
 
 
 
 
 
 
 
Chapter 5 
C50H10 Bowl-[5,5]SWNT End-Cap 
  230 
5.1 Introduction 
 The processes by which carbon sources undergo nucleation and growth to provide 
carbon nanotubes still remain poorly understood.
1
  For some time it has been known that 
no matter how growth conditions are varied (carbon source, temperature and catalyst), the 
result is always the same; newly formed nanotubes are provided at best in a limited 
distribution of type and diameter.  To this end, our research group has proposed a 
solution to this problem.  We believe that if a [5,5] Single-Walled NanoTube (SWNT) 
endcap 3.2 could be synthesized, then through a controlled growth or seeding process it 
might be possible to selectively provide uniform armchair SWNTs.
2
 Relying on our 
experience synthesizing highly curved Polycyclic Aromatic Hydrocarbons (PAHs) we 
have chosen to investigate the synthesis of 3.2 using a stepwise solution based approach 
(as discussed in chapter 4) as well as pyrolytic methods (as discussed in chapter 3) 
(Scheme 5-1).       
 Recent work carried out in our lab by E. Jackson has shown that when 1,3,5,7,9-
pentakis(2,6-dichlorophenyl)corannulene (5.1) was subjected to Flash Vacuum Pyrolysis 
                                                
1
 For a review of methods and theoretical mechanism for nanotube growth, see: Harris, P. J. F. Carbon, 
2007, 45, 229-239. 
2 
Similarly, other groups have recently adopted this template approach toward the synthesis of nanotubes 
and fullerenes for examples, see: (a) Jasti, R.; Bhattacharjee, J.; Neaton, J. B.; Bertozzi, C. R. J. Am. Chem. 
Soc. 2008, 130, 17646-17647. (b) Rim, T. K.; Siaj, M.; Xiao, S.; Myers, M.; Carpentier, V. D.; Liu, L.; Su, 
C.; Steigerwald, M. L.; Hybertsen, S. M., McBreen, H. P.; Flynn, G. W.; Nuckolls, C. Angew. Chem., Int. 
Ed. Engl. 2007, 46, 7891-7895 (c) Otero, G.; Biddau, G.; Sanchez, C.; Caillard, R.; Lopez, M. F.; Rogero, 
C.; Palomeres, J.; Cabello, N.; Basanta, M. A.; Ortega, J.; Mendez, J.; Echavarren, A. M.; Perez, R.; 
Gomez-Lor, B.; Matin-Gago, J. A. Nature. 2008, 454, 865-868. (d) Merner, B. L.; Dawe, L. N.; Bodwell, 
G. J. Angew. Chem., Int. Ed. Engl. 2009, 48, 5487-5491. 
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(FVP),
3
 incredibly, the mass of a C50H10 product is observed in the semi-purified 
pyrolysate.  Following this lead, E. Jackson was able to isolate from among the many 
products formed in the pyrolysis the desired C50H10 (3.2) [5,5] SWNT endcap (Scheme 5-
1).  However, to extend this work from proof of concept to a viable model for nanotube 
growth requires that the efficiency of the forward synthesis of pyrolysis precursor 5.1 be 
improved (yield for the existing penultimate step is 7.2%), along with the overall yield of 
the pyrolysis step (2.7% yield). 
Scheme 5-1. Synthesis of a [5,5] SWNT End-Cap 
 
5.2 Results and Discussion  
5.2.1 Catalyst Optimization in Negishi Cross-Coupling of 2,6-Dichlorophenyl to 
1,3,5,7,9-Pentachlorocorannulene 
 Arguably, one of the most recognizable and useful transformations in organic 
chemistry is the cross-coupling reaction.  The Suzuki-Miyaura cross-coupling reaction 
                                                
3
 Jackson, E. A. Ph.D. Dissertation, Boston College: Chestnut Hill, MA, 2008. 
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has been used extensively in the synthesis of many PAHs; specifically, this methodology 
has been used heavily to develop aryl-substituted corannulenes.
4
  Naturally, when our 
group first became interested in the synthesis of 1,3,5,7,9-pentakis(2,6-
dichlorophenyl)corannulene (5.1) we began investigating reaction conditions centered 
around these well known transformations.
5
  Picking up where M. Bancu had left off in 
this effort, E. Jackson in our lab conducted an exhaustive catalyst search and systematic 
repetition of reactions, but ultimately was unable to cross-couple 2,6-
dichlorophenylboronic acid to 2.23.  To understand better why the transformation failed, 
as well as uncover potential reaction conditions to incorporate dihalogenated boronic 
acids onto 2.23, we began searching the literature for similar examples.  Surprisingly, we 
discovered only a handful of reported syntheses that used 2,6-dichlorophenylboronic 
acid, and, in all cases, these reactions suffered from poor yields.
6
 The under-use of this 
boronic acid is most likely due to its poor coupling potential. Having doubly ortho 
substituted halides relative to the boron may be inductively prohibitive.  Electronically, 
once a boronic acid is activated to the borate it is then biased to transmetallate. This 
process can be thought of in its simplest form as a nucleophilic attack on palladium.
7
  If, 
however, the borate is a poor nucleophile, then transmetallation is slowed, which 
suppresses the incipient cross-coupling.  Based on this reasoning, we could expect that 
increasing the nucleophilicity of the cross-coupling partner would have a favorable result 
                                                
4
 Pappo, D.; Mejuch, T.; Reany, O.; Solel, E.; Gurram, M.; Keinan, E. Org. Lett. 2009, 11, 1063-1066. 
5
 Initial efforts to synthesize 5.X were made by M. Bancu in our lab; however, this work proved to be 
irreproducible.  
6
 Han, J.; Liu, Y.; Guo, R. J. Am. Chem. Soc. 2009, 131, 2060-2061. 
7
 de Meijere, A; Diederich, F. Metal-Catalyzed Cross-Coupling Reactions; Wiley-VCH: Weinheim, 2004.   
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in our desired coupling.  With this idea in mind, we turned our attention toward organo 
zinc reagents for their enhanced electronic properties.  While switching to the Negishi 
cross-coupling platform may improve the electronics of the desired reaction, five-fold 
coupling to a sterically demanding substrate still required careful selection of catalyst and 
reaction conditions.  
Scheme 5-2. Attempted Synthesis of 1,3,5,7,9-Pentakis(2,6-dichlorophenyl)corannulene 
 
In 2008 a report by Siegel et al. highlighted a Negishi cross-coupling reaction 
between 2.23 and 2,6-dimethyl-4-methoxyphenylzinc chloride (5.2) with a N-
Heterocyclic Carbene (NHC) ligand (Scheme 5-3).
8
  Based on the similiarities between 
the product of that reaction 5.3 and our target 5.1 we decided to experiment with the 1,3-
bis(2,6-di-i-propylphenyl)imidazolium (IPr) ligand on our own system.  With the NHC 
ligand and following similar reaction conditions, E. Jackson was then able to synthesize 
5.1 reliably; however, the yield for the reaction was poor.  Through a series of extensive 
ligand screens, E. Jackson was able to more than double his early yield for this important 
                                                
8
 Hayama, T.; Baldridge, K. K.; Wu, Y.; Linden, A.; Siegel, J. S. J. Am. Chem. Soc. 2008, 130, 1583-1591. 
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coupling (from 7% to 16.4%) using a sterically demanding Buchwald ligand.
9
  We 
believe that during the course of the reaction while productive couplings are occurring, at 
the same time unproductive competing coupling and hydrodehalogenation events are also 
happening.  The longer the reaction proceeds, the more opportunity there is for 
decomposition of 5.1.  To shorten reaction times in an effort to prevent competitive 
decomposition of our product, we adopted the use of a precatalyst.
10
  Under parallel 
reaction conditions employing RuPhos and a RuPhos precatalyst 5.4, we found 
significantly improved yields for 5.1 when the RuPhos precatalyst 5.4 was used (30% 
yield in four hours) (Scheme 5-4). 
Scheme 5-3. Siegel’s Synthesis of 1,3,5,7,9-Pentakis(2,6-dimethylphenyl)corannulene 
  
 
 
                                                
9
 Milne, J. E.; Buchwald, S. L. J. Am. Chem. Soc. 2004, 126, 13028-13032. 
10
 Biscoe, M. R.; Fors, B.P.; Buchwald, S. L. J. Am. Chem. Soc. 2008, 130, 6686-6687. 
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Cl
Cl
Cl
Cl
Cl
Me Me
ZnCl
Pd(OAc)2 100 mol %
IPrHCl 100 mol %
24% yield
OMe MeO
OMe
OMe
OMe
MeO
2.23 5.3 
5.2 
  235 
Scheme 5-4. Synthesis of 1,3,5,7,9-Pentakis(2,6-dichlorophenyl)corannulene 
 
5.2.2 Pentaborylation of 1,3,5,7,9-Pentachlorocorannulene 
 Having improved the synthesis of 5.1 to a yield almost six times greater than that 
of our initial result, one thing remained unchanged, the column chromatography 
purification of 5.1. This process required a formidable array of silica gel columns 
followed by recrystallizations.  The heavy degree of purification required for this step is 
no doubt due to the lack of orthogonality between both the starting materials and the final 
product.  In an effort to resolve this issue we chose to explore the pentaborylation of 
1,3,5,7,9-pentachlorocorannulene (2.23).  If it were possible to synthesize pentapinacol-
borylcorannulene (5.5), we could then utilize an orthogonal coupling partner to provide 
5.1 cleanly and in an improved yield.  We envisioned this transformation to be 
accomplished through a palladium mediated cross-coupling of B2pin2 with 2.23.  To our 
delight, upon working up our first attempted synthesis of 5.5 we discovered by crude 
mass and 
1
H NMR analysis that the desired product had been formed.  However, a 
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sizable excess of B2pin2 is used in the reaction, and initial attempts to remove this 
impurity were completely thwarted.  After several different approaches for purifying 5.5 
were examined, we found the crude reaction mixture could be dissolved in hexanes, 
where upon standing 5.5 precipitated out of solution to provide an adequately pure 
product (a 5:1 ratio of 5.5 to B2pin2 is obtained, and the residual B2pin2 did not interfere 
with subsequent chemistry, as discussed in section 5.2.3).  While this method works well 
for separating most of the B2pin2 from the reaction mixture, a major portion of the desired 
product remains unrecovered in the filtrate.  In a final attempt to obtain an analytically 
pure sample of 5.5, reverse phase silica gel chromatography was explored.  Gratifyingly, 
we discovered that subjecting the crude reaction mixture to chromatography on reverse 
phase silica, a simple solvent gradient provides pure 5.5 without product loss. 
Scheme 5-5. Pentaborylation of 1,3,5,7,9-Pentachlorocorannulene 
 
5.2.3 Suzuki-Miyaura Cross-Coupling with Pentapinacolborylcorannulene 
 Having completed the synthesis of pentapinacolborylcorannulene (5.5), we were 
now positioned to synthesize pentakis(2,6-dichlorophenyl)corannulene (5.1) using a 
2.23 5.5 
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Suzuki-Miyaura coupling.  We chose to use 2-bromo-1,3-dichorobenzene based on its 
commercial availability and, more importantly, under the appropriate reaction conditions 
the aryl chlorides should behave as spectator halides, preventing any additional unwanted 
chemistry. Using the same conditions we developed for coupling boronic acids to 1,2,5,6-
tetrabromocorannulene (2.21), we could now synthesize 5.1 in a quantitative yield 
(Scheme 5-6).  Since the aryl chlorides are unreactive under the new conditions used to 
couple the substrates, the reaction is quite clean and requires only a short silica gel 
column to provide the desired product. 
Scheme 5-6. Improved Synthesis of 1,3,5,7,9-pentakis(2,6-dichlorophenyl)corannulene 
 
5.2.4 FVP Synthesis of a [5,5] SWNT End-Cap and HPLC Purification 
 Following the FVP conditions previously reported by E. Jackson to synthesize a 
[5,5] SWNT End-Cap (5.2),
3
 we attempted to repeat the synthesis.
  
Satisfyingly, we were 
provided with the desired product.  Of primary importance to this work was the 
successful purification of 3.2. Several unorthodox separation methods are needed to 
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purify the crude pyrolysate in order to provide a clean sample of 3.2.  In an effort to make 
the purification of 3.2 more accessible, we began developing HPLC methods to reliably 
separate the crude pyrolysate mixtures.  After purifying a sample of 3.2 using our 
previously established methods, we then subjected the clean sample to an analytical 
HPLC column with varied solvent ratios of acetonitrile:dichloromethane.  We found that 
when the ratio of dichloromethane was increased to 10% of the total eluant volume, a 
peak with a retention time of 34 min was observed in our HPLC chromatogram.  The 
peak sample was collected and analyzed by mass spectrometry and found to match the 
mass of the desired product (Figure 5-1).  
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Figure 5-1. Analytical HPLC Chromatogram of Purified C50H10 Bowl (3.2)  
  
With a general idea when 3.2 eluted off the reverse phase column, we next turned 
our attention to the crude pyrolysate mixture and its purification.  Using a semi-
C50H10  Bowl 
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preparative HPLC column we then applied the same solvent method as used on the 
analytical column to provide the desired product now from the crude pyrolysate.  The 
product isolated by this HPLC method is exceptionally pure and forms small crystals 
upon standing in acetonitrile (mass of C50H10 bowl = 610 m/z) (Figures 5-2 to 5-4). 
Figure 5-2. Semi-Preparative HPLC Chromatogram of Crude Pyrolysate 
 
C50H10 Bowl (31 – 39 min) 
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Figure 5-3. Mass Analysis of HPLC Fraction 
 
Figure 5-4. C50H10 (3.2) Crystals Formed Upon Standing in Acetonitrile 
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5.2.5 Attempted Microwave Synthesis of a [5,5] SWNT End-Cap 
 Due to the low yield observed in the FVP synthesis of C50 H10 (3.2), we hoped to 
complement this reaction with a new microwave assisted palladium catalyzed synthesis 
of 3.2 in an improved yield.  Our work began by testing the annulation reaction 
conditions which had already been developed for the synthesis of 
pentaindenocorannulene (3.3) on 1,3,5,7,9-pentakis(2,6-dichlrophenyl)corannulene (5.1) 
(Scheme 5-7). Using these reaction conditions we saw only limited reactivity with 5.1, 
accompanied by unreacted starting material. A variety of ligands were examined further; 
however, similar unsatisfactory results were obtained in each case with the exception of 
one NHC ligand.  With the IPr ligand we observed up to six of the requisite ten 
annulations needed to synthesize 3.2 (Figure 5-5).   
Scheme 5-7. General Solution Phase Annulation Strategy 
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Figure 5-5. Mass Analysis of Annulation Reaction in Scheme 5.7 Using IPr Ligand 
 
After obtaining encouraging results with the IPr ligand, we followed this lead by 
pursuing other bulky NHCs ligands in an attempt to push the final closures leading to 3.2, 
these included N,N!-diadamantyl, N,N!-dicyclohexyl and N,N!-dimesityl ligands.  To our 
disappointment, increasing the steric bulk of the NHC ligand rendered it ineffective in the 
annulation transformation.  Additionally, we also investigated NHC ligands based on 
their "-donor properties, both attenuated and enhanced "-donor variants (relative to the 
IPr NHC ligand) were explored with no improvement in the outcome.
11a,b
 
 Following a strategy similar to that discussed in chapter 2 (section 2.3), to 
complementary cascade coupling annulation approaches toward the synthesis of 3.2 were 
also examined.  There could be imagined to proceed through either 1,3,5,7,9-pentachloro-
corannulene (2.23) or 1,3,5,7,9-pentapinacolborylcorannulene (5.5). This latter approach 
                                                
11
 (a) Wurtz, S.; Glorius, F. Acc. Chem. Res. 2008, 41, 1523-1533. (b) Cavallo, L.; Correa, A.; Costabile, 
C.; Jacobsen, H. J. Organomet. Chem. 2005, 690, 5407-5413. 
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to 3.2 would provide us with an opportunity to utilize aryl bromide functionalities rather 
than aryl chlorides.   
Beginning from 2.23 and 2,6-dibromophenylboronic acid (4.10), a palladium 
catalyzed cascade reaction provided eleven of the desired fifteen bonds found in 3.2 
(Scheme 5-8, Figure 5-6). 
Scheme 5-8. First Attempted Cascade Coupling to Provide C50H10 Bowl 
 
Figure 5-6. Mass Spectrum from Crude Cascade Coupling in Scheme 5-7 
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 For the other cascade coupling annulations, a simple synthesis of 1,3-dibromo-2-
iodobenzene (5.6) was developed.  Deprotonation of 1,3-dibromobenzene by LDA 
followed by an iodine quench provided the desired product.  A palladium catalyzed 
cascade reaction between 5.5 and 5.6 then provided up to twelve of the desired fifteen 
bonds in 3.2 (Scheme 5-9, Figure 5-7). 
Scheme 5-9. Second Attempted Cascade Coupling to Provide C50H10 Bowl 
 
Figure 5-7. Mass Spectrum from Crude Cascade Coupling in Scheme 5-9 
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5.2.6 Thermochemistry Leading to a C50H10 Bowl 
Previously, we used computational modeling to examined a series of accessible 
transformations utilizing a palladium based coupling reaction (see chapter 4).  Extracted 
from these calculations were the relative strain energies for the indenoannulations leading 
to 3.3.  Given that the attempted annulations in Scheme 5-7 and Scheme 5-8 all fall short 
of their mark, we suspected that the relative strain energies for these final closures must 
be greater than those previously studied.  If the annulations leading to 3.2 were too 
strained to be accessed, we wanted to know by how much and why.  Through the same 
computational methods described earlier, a full analysis was made of all possible 
annulation events leading to 3.2 (Figure 5-8).  From these calculations a stark difference 
is observed between the present and previously studied system.  In general, there is little 
variation between the energetic “cost” for the different annulations (±)2 kcal/mol, except 
for the last closure, which is the most energetically challenging.  The boundaries for the 
annulations leading up to 3.2 are on average 8 to 10 kcal/mol greater than those found in 
3.3.  Interestingly, in both microwave cascade reactions, annulations past 3.3 are 
observed.  That is, if the first step toward closing 3.3 to 3.2 is accessible, then the 
subsequent steps should be as well.  
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Figure 5-8.  Homodesmic Calculations: Analysis of Stepwise Introduction of Strain 
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5.3 Conclusion 
 The work in this chapter highlights our pursuit of a high yielding synthesis of a 
carbon nanotube end-cap. Progress toward these efforts has yielded a five-fold borylation 
of corannulene which has found use in the synthesis of 1,3,5,7,9-pentakis(2,6-
dichlorophenyl)corannulene.  Finally, computational analysis of the ring annulations 
leading to a C50H10 bowl have been performed, and the strain energies for each 
transformation predicted. 
5.4 Experimental Procedures 
5.4.1 General Experimental  
All commercially available chemicals and solvents were used without further 
purification unless specified.  Anhydrous solvents were either purchased or were obtained 
from a six tap (dichloromethane, tetrahydrofuran, toluene, 1,2-dichlorobenzene, N,N-
dimethylacetamide and carbon disulfide) Glass Contour solvent purification system.  
Proton and Carbon NMR were taken with a Varian 400, 500 or 600 MHz NMR 
spectrometer.  Chemical shifts are reported in ppm downfield from TMS in chloroform-d 
(!H = 7.26 ppm, !C = 77.16 ppm), dichloromethane-d2 (!H = 5.32 ppm, !C = 53.80 ppm) as 
the standard reference.  Preparative thin layer chromatography was carried out using 
Analtech silica GF or Alumina GF plates.  Column chromatography was carried out with 
either Sorbet Technologies standard grade silica gel (porosity = 60 Å, particle size = 32-
63 µm) or Sigma-Aldrich aluminum oxide, activated, neutral Brockmann I, standard 
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grade (~150 mesh, 58 Å). HPLC purification was preformed on a Waters 600 instrument 
equipped with a Supelco analytical LC-PAH 25 cm ! 4.6 mm, 5µm HPLC column and a 
semipreparative Supelco LC-PAH 25 cm ! 21.2 mm, 5µm HPLC column, both 
connected to a Waters 2996 photodiode array detector.  UV-vis spectra were obtained 
using a Hewlett Packard model 8452A diode array spectrophotometer.  High resolution 
mass spectra were obtained using time of flight mass spectrometers at the mass 
spectrometry center at Boston College. 
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5.4.2 1,3,5,7,9-Pentakis(2,6-dichlorophenyl)corannulene (5.1) 
 
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl Cl
ZnCl
PhosRuPd
N
HCl
THF
 
 
 
 
 To an oven dried pressure vessel equipped with a stir bar were added 421 mg 
(0.996 mmol) of 1,3,5,7,9-pentachlorocorannulene (2.23), 408 mg (0.560mmol) RuPhos 
palladium(II) phenethylamine chloride,
1
 and 160 mL of a 2,6-dichlorophenylzinc 
chloride (0.18 M in tetrahydrofuran) solution.
2
  The reaction vessel was placed in an oil 
bath heated to 100 
o
C and allowed to stir.  After 5 h, the mixture was allowed to cool to 
room temperature, diluted with dichloromethane and washed with 10% HCl solution 
(!2), water (!1) and brine.  The organic layer was dried over magnesium sulfate and then 
filtered.  The solvent was removed under reduced pressure to provide a black oil. The 
resulting mixture was then subjected to silica gel chromatography with 
hexanes:dichloromethane 5:1 to provide a semi-purified product.  A second silica gel 
flash chromatography column with 1:2 tetrahydrofuran:hexanes was then used to provide 
a sufficiently pure product 5.1 372 mg (39% yield).  Further purification with 1:1:1 
                                                
1
 For RuPhos precatalyst preperation, see page 247. Biscoe, M. R.; Fors, B. P.; Buchwald, S. L. J. Am. 
Chem. Soc. 2008, 130, 6686-6687.  
2
 Zinc reagent prepared following method reported by E. Jackson: Jackson, E. A. Ph.D. Dissertation, 
Boston College: Chestnut Hill, MA, 2008.   
2.23 5.1 
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dichloromethane:ethanol:acetone in a recrystalization provided an analytically pure 
sample of the desired product 5.1 180 mg (19% yield).  The spectral properties of this 
compound are consistent with those previously reported:
3
 
1
H NMR (400 MHz, CDCl3) ! 
7.43 (d, J = 8.0 Hz, 5H) 7.43 ( J = 7.8 Hz, 5H), 7.28 (dd, J = 8.0 Hz, J = 7.8 Hz, 5H) 7.26 
(s, 5H). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                
3
 Jackson, E. A. Ph.D. Dissertation, Boston College: Chestnut Hill, MA, 2008.  
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5.4.3 RuPhos palladium(II) phenethylamine chloride (5.4)
1
 
 
N
Me2
PdMe2
Me2
N
RuPhosPd
N
HCl
Cl
NH2
MTBE
Oi-Pri-PrO
P(Cy3)2
 
 
 
To an oven dried Schlenk flask equipped with a stir bar was added 0.94 g (3.7 
mmol) of Me2Pd(II)(TMEDA). The reaction flask was then evacuated and back-filled 
with argon; this sequence was carried out a total of three cycles. Under positive pressure 
were added 30 mL of methyl t-butyl ether (MTBE), 0.52 mL (3.7 mmol) of 2-chloro-
phenylethylamine, and 1.7 g (3.7 mmol) of 2-dicyclohexylphosphino-2!,6!-
diisopropoxybiphenyl.  The reaction flask was placed in a silicon oil bath, and allowed to 
stir at 55 
o
C for 2 hours.  The mixture was then allowed to cool to room temperature and 
transferred to a 250 mL round bottom flask.  The resulting mixture was then concentrated 
to dryness under reduced pressure.  To the resulting solid, 180 mL of hexanes was added, 
and the solution was placed in the freezer overnight.  An off white powder 2.44 g (89% 
yield) was colleted by Büchner filtration. The spectroscopic properties of this material are 
consistent with those reported previously:
1
  
1
H NMR (400 MHz, CDCl3) " 7.32 (t, J = 7.0 
Hz, 1H), 7.06 (t, J = 7.0 Hz, 1H), 6.91 (m, 1H), 6.78 (m, 4H), 6.62 (d, J = 8.5 Hz, 3H), 
6.42 (t, J = 7.0 Hz, 1H), 4.48 (septet, J = 6.0 Hz, 2H), 3.17 (s, 4H), 2.74 (s, 2H), 2.40-
1.85 (m, 6H), 1.85-1.35 (m, 10H), 1.26 (d, J = 6.0 Hz, 6H), 1.06 (d, J = 6.0 Hz, 6H), 
                                                
1
 Biscoe, M. R.; Fors, B. P.; Buchwald, S. L. J. Am. Chem. Soc. 2008, 130, 6686-6687. 
5.4 
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1.10-0.80 (m, 8H). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 255 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
u
P
h
o
s 
p
al
la
d
iu
m
(I
I)
 p
h
en
et
h
y
la
m
in
e 
ch
lo
ri
d
e 
(5
.4
) 
1
H
 N
M
R
 (
4
0
0
 M
H
z,
 C
D
C
l 3
) 
5
.4
 
R
u
P
h
o
s
P
d
N H
C
l
 256 
5.4.4 1,3,5,7,9-Pentaborocorannulene (5.5) 
 
 
Cl
Cl
Cl
Cl
Cl
Bpin
Bpin
Bpin
Bpin
Bpin
B2pin2
Pd2(dba)3, X-Phos
H2O, Dioxane, KOAc
 
 
 
 
 To a flask equipped with a magnetic stir bar were added 200 mg (0.473 mmol) of 
1,3,5,7,9-pentachlorocorannulene (2.23), 1.80 g (7.10 mmol) of bis(pinacolato)diboron,
1
 
697 mg (7.10 mmol) of potassium acetate, 43 mg (0.047 mmol) of 
tris(dibenzylideneacetone)dipalladium,  90 mg (0.189 mmol) of X-Phos, 4 mL of 
dioxane, and 0.4 mL of water.  The reaction flask was then sealed, purged with nitrogen 
gas and then placed in an oil bath heated to 110 
o
C while stirring. After 6 h the crude 
mixture was removed from the oil bath and allowed to cool to room temperature.  The 
crude reaction mixture was then diluted with dichloromethane and washed with 10% HCl 
solution (!2), water (!1) and brine.  The organic layer was then dried over magnesium 
sulfate and then filtered.  The crude mixture was stripped of its solvent under reduced 
pressure to provide an oil.  The resulting oil was then diluted in 25 mL of hexanes and 
allowed to sit out overnight, whereupon a light yellow precipitate formed.  The 
precipitate was then collected by vacuum filtration and analyzed by 
1
H NMR, which 
confirmed the presence of the desired product 5.5 in a 6:1 ratio of product to B2pin2 71 
mg (17% yield).  Further purification was realized using flash chromatography on reverse 
                                                
1
 We thank Frontier Scientific for a gift of bis(pinacolato)diboron. 
2.23 5.5 
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phase silica, the column was eluted with 100% acetonitrile followed by 1:2 
dichloromethane:acetonitrile: mp (292 - 338
o
C); 
1
H NMR (400 MHz, CDCl3) ! 9.00 (s, 
5H), 1.48 (s, 60H); 
13
C NMR (100 MHz, CDCl3) ! 138.69, 136.77, 133.06, 83.59, 25.01; 
HRMS DART (m/z) [M+H]
+
 calculated for C50H66B5O10: 881.5121, found 881.5156.  
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5.4.5 1,3,5,7,9-Pentakis(2,6-dichlorophenyl)corannulene (5.1) 
 
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl Cl
Br
Pd(PPh3)4, K2CO3,
Toluene, Ethanol, Water
Bpin
Bpin
Bpin
Bpin
Bpin
 
 
To a microwave pressure vessel equipped with a stir bar were added 10 mg (0.011 
mmol) of 1,3,5,7,9-pentapinacolborylcorannulene (5.5), 3 mg (0.002 mmol) of 
tetrakis(triphenylphosphine)palladium, 26 mg (0.11 mmol) of 1-bromo-2,6-
dichlorobenzene, 31 mg (0.23 mmol) of potassium carbonate, 1 mL of toluene, 1 mL of 
ethanol and 0.1 mL water.  The pressure vessel was then capped with a rubber septum 
and purged with nitrogen gas while stirring. The reaction vessel was then placed in a 
microwave reactor and irradiated for 30 minutes at 100 
o
C.  After cooling to room 
temperature the crude reaction mixture was diluted with dichloromethane, washed with 
10% HCl (!2), water (!1) and brine.  The organic layer was then dried over magnesium 
sulfate, filtered and concentrated to dryness.  Purification by silica gel chromatography 
using 1:3 dichloromethane:cyclohexane gave 2 mg (99% yield, correcting for the amount 
of B2pin2 in the starting material) of a white powder.  The spectroscopic properties of this 
material are consistent with those previously reported: 
1
H NMR (400 MHz, CDCl3) " 
7.43 (dd, J = 8.0 Hz, J = 0.4 Hz, 10H), 7.28 (dd, J = 8.0 Hz, J = 7.8 Hz, 5H) 7.26 (s, 5H).  
 
5.1 
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5.4.6.1 Attempted Microwave Synthesis of a [5,5]SWNT End-Cap (3.2) (Using 1,3-
Bis(2,6-di-i-propylphenyl)imidazolium) 
 
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Pd2(dba)3, Cs2CO3, DMAc
N N
i-Pr
i-Pr
i-Pr
i-Pr
Cl
 
 
  
To a microwave reaction vessel equipped with a stir bar were added 5 mg (0.005 
mmol) of 1,3,5,7,9-pentakis(2,6-dichlorophenyl)corannulene (5.1), 2 mg (0.003 mmol) of 
tris(dibenzylideneacetone)dipalladium, 2 mg (0.005 mmol) of N,N-bis(2,6-
diisopropyl)imidazolium chloride,  33 mg (0.10 mmol) of cesium carbonate, and 1 mL of 
dimethylacetamide.  The mixture was degassed with nitrogen for ~ 10 min and then 
stirred in a microwave reactor at 180 
o
C.  After stirring for 40 min, the resulting mixture 
was allowed to cool to room temperature, diluted with dichloromethane and washed with 
10% HCl solution (!2), water (!1) and brine.  The organic layer was dried over 
magnesium sulfate and then filtered.  The solvent was removed under reduced pressure to 
provide a dark colored oil. Mass spectral analysis of the crude product confirmed the 
absence of the desired product (the major product confirmed by mass analysis 
corresponds to a product having 6 of the 10 required bounds found in the product see 
Figure 5-8 in results and discussion).
1
 
                                                
1
 Mass analysis was obtained by Direct Exposure Probe (DEP) in negative mode. 
5.1 3.2 
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5.4.6.2Attempted Microwave Synthesis of a [5,5]SWNT End-Cap (3.2) (Using 1,3-Bis(1-
adamantyl)imidazolium) 
 
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Pd2(dba)3, Cs2CO3, DMAc
N N
Cl
 
 
  
To a microwave reaction vessel equipped with a stir bar were added 5 mg (0.005 
mmol) of 1,3,5,7,9-pentakis(2,6-dichlorophenyl)corannulene (5.1), 2 mg (0.003 mmol) of 
tris(dibenzylideneacetone)-palladium, 2 mg (0.005 mmol) of N,N-bis(2,6-
diisopropyl)imidazole-2-yilidene,  33 mg (0.10 mmol) of cesium carbonate, and 1 mL of 
dimethylacetamide.  The mixture was degassed with nitrogen for ~ 10 min and then 
stirred in a microwave reactor at 180 
o
C.  After stirring for 40 min, the resulting mixture 
was allowed to cool to room temperature, diluted with dichloromethane and washed with 
10% HCl solution (!2), water (!1) and brine.  The organic layer was dried over 
magnesium sulfate and then filtered.  The solvent was stripped off under reduced pressure 
to provide a dark colored oil. Mass spectral analysis of the crude product confirmed the 
absence of the desired product,
1
 (the major product confirmed by mass analysis 
corresponds to a product having 3 of the 10 required bounds found in the product). 
 
                                                
1
 Mass analysis was obtained by Direct Exposure Probe (DEP) in negative mode. 
5.1 3.2 
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5.4.6.3 Attempted Microwave Synthesis of a [5,5]SWNT End-Cap (3.2) (Using 1,3-
Bis(cyclohexyl)imidazolium) 
 
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Pd2(dba)3, Cs2CO3, DMAc
N N
BF4
 
 
  
To a microwave reaction vessel equipped with a stir bar were added 5 mg (0.005 
mmol) of 1,3,5,7,9-pentakis(2,6-dichlorophenyl)corannulene (5.1), 2 mg (0.003 mmol) of 
tris(dibenzylideneacetone)dipalladium, 2 mg (0.005 mmol) of N,N-
bis(cyclohexyl)imidazolium chloride,  33 mg (0.10 mmol) of cesium carbonate, and 1 mL 
of dimethylacetamide.  The mixture was degassed with nitrogen for ~ 10 min and then 
stirred in a microwave reactor at 180 
o
C.  After stirring for 40 min, the resulting mixture 
was allowed to cool to room temperature, diluted with dichloromethane and washed with 
10% HCl solution (!2), water (!1) and brine.  The organic layer was dried over 
magnesium sulfate and then filtered.  The solvent was stripped off under reduced pressure 
to provide a dark colored oil. Mass spectral analysis of the crude product confirmed the 
absence of the desired product,
1
 (the major product confirmed by mass analysis 
corresponds to a product having 2 of the 10 required bounds found in the product). 
 
 
 
                                                
1
 Mass analysis was obtained by Direct Exposure Probe (DEP) in negative mode. 
5.1 3.2 
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5.4.6.4 Attempted Microwave Synthesis of a [5,5]SWNT End-Cap (3.2) (Using 1,3-
Bis(mesityl)imidazolium) 
 
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Pd2(dba)3, Cs2CO3, DMAc
N N
Cl
 
 
  
To a microwave reaction vessel equipped with a stir bar were added 5 mg (0.005 
mmol) of 1,3,5,7,9-pentakis(2,6-dichlorophenyl)corannulene (5.1), 2 mg (0.003 mmol) of 
tris(dibenzylideneacetone)dipalladium, 2 mg (0.005 mmol) of N,N-
bis(mesityl)imidazolium chloride,  33 mg (0.10 mmol) of cesium carbonate, and 1 mL of 
dimethylacetamide.  The mixture was degassed with nitrogen for ~ 10 min and then 
stirred in a microwave reactor at 180 
o
C.  After stirring for 40 min, the resulting mixture 
was allowed to cool to room temperature, diluted with dichloromethane and washed with 
10% HCl solution (!2), water (!1) and brine.  The organic layer was dried over 
magnesium sulfate and then filtered.  The solvent was removed under reduced pressure to 
provide a dark colored oil. Mass spectral analysis of the crude product confirmed the 
absence of the desired product,
1
 (the major product confirmed by mass analysis 
corresponds to hydrodehalogenation). 
 
 
                                                
1
 Mass analysis was obtained by Direct Exposure Probe (DEP) in negative mode. 
5.1 3.2 
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5.4.7 C50H10 Nanotube End-Cap (3.2) 
 
 
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
FVP
1100 oC
 
 
 
Flash vacuum pyrolysis (FVP) was preformed on 30 mg (0.031 mmol) of 
1,3,5,7,9-pentakis(2,6-dichlorophenyl)corannulene at 1100 
o
C and 0.47 torr.  The starting 
material was placed in a quartz sample boat, inside of a quartz tube, seated in a furnace.  
The sample boat was positioned ahead of a large magnet. The magnet was then used to 
slide the sample boat into the hot zone of the furnace.  The starting material sublimed, 
and was carried toward the cold-trap on the opposite side.  The directional flow of the 
sublimation was controlled by a nitrogen bleed of carrier gas.  After all starting material 
had sublimed (~1 min) the oven was then shut down, and the system was left to cool.  
The system was then opened to the atmosphere, and the quartz tube and trap were 
removed.  Both the quartz tube and trap were thoroughly extracted with dichloromethane 
to provide 27 mg of crude pyrolysate.  The crude pyrolysate was purified by preparative 
silica gel thin layer chromatography using 9:1 cyclohexane:dichloromethane, followed by 
application to a new preparative plate using 7:3 cyclohexane:dichloromethane, gave ~1.0 
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mg of the C50H10 end-cap. Further purification by HPLC gave a single peak in the UV 
chromatogram at 33 minutes using 90:10 acetonitrile:dichloromethane at 5 mL/min. 
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Purification of the crude pyrolysate without previous separation was preformed 
using semi-preprative HPLC using 90:10 acetonitrile:dichloromethane at 10 mL/min to 
provide the desired product with a retention time of 34 min. 
1
HNMR (500 MHz, CDCl3 
and CS2) ! 7.71 (s, 10H). 
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5.4.8 Attempted Synthesis of C50H10 Bowl (3.2) 
 
Br Br
B(OH)2
Pd2(dba)3, DMAc, 
Cs2CO3
N N
i-Pr
i-Pr
i-Pr
i-Pr
Cl
Cl
Cl
Cl
Cl
Cl
 
 
 To a microwave reaction vessel equipped with a stir bar were added 20 mg (0.047 
mmol) of 1,3,5,7,9-pentachlorocorannulene (2.23), 265 mg (0.947 mmol) of 2,6-
dibromophenylboronic acid (4.10), 22 mg (0.024 mmol) of tris(dibenzylideneacetone)-
dipalladium, 20 mg (0.047 mmol) of N,N-bis(2,6-diisopropyl)imidazolium chloride,  925 
mg (2.84 mmol) of cesium carbonate, and 5 mL of dimethylacetamide.  The mixture was 
degassed with nitrogen for ~ 10 min and then stirred in a microwave reactor at 180 
o
C.  
After stirring for 40 min, the resulting mixture was allowed to cool to room temperature, 
diluted with dichloromethane and washed with 10% HCl solution (!2), water (!1) and 
brine.  The organic layer was dried over magnesium sulfate and then filtered.  The 
solvent was removed under reduced pressure to provide a dark colored oil. Mass spectral 
analysis of the crude product confirmed the absence of the desired product (the major 
product confirmed by mass analysis corresponds to a product having 11 of the 15 
required bounds found in the product).
1
 
 
                                                
1
 Mass analysis was obtained by Direct Exposure Probe (DEP) in negative mode. 
5.5 3.2 
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5.4.9 Attempted Synthesis of C50H10 Bowl (3.2) 
 
Br Br
I
Pd2(dba)3, DMAc, 
Cs2CO3
N N
i-Pr
i-Pr
i-Pr
i-Pr
Cl
Bpin
Bpin
Bpin
Bpin
Bpin
 
 
 To a microwave reaction vessel equipped with a stir bar were added 10 mg (0.011 
mmol) of 1,3,5,7,9-pentapinacolborylcorannulene (5.5), 82 mg (0.23 mmol) of 1,3-
dibromo-2-iodobenzene (5.6), 5 mg (0.006 mmol) of tris(dibenzylideneacetone)-
dipalladium, 5 mg (0.01 mmol) of N,N-bis(2,6-diisopropyl)imidazolium chloride,  74 mg 
(0.23 mmol) of cesium carbonate, and 2 mL of dimethylacetamide.  The mixture was 
degassed with nitrogen for ~ 10 min and then stirred in a microwave reactor at 180 
o
C.  
After stirring for 40 min, the resulting mixture was allowed to cool to room temperature, 
diluted with dichloromethane and washed with 10% HCl solution (!2), water (!1) and 
brine.  The organic layer was dried over magnesium sulfate and then filtered.  The 
solvent was removed under reduced pressure to provide a dark colored oil. Mass spectral 
analysis of the crude product confirmed the absence of the desired product (the major 
product confirmed by mass analysis corresponds to a product having 12 of the 15 
required bounds found in the product).
1
 
 
                                                
1
 Mass analysis was obtained by Direct Exposure Probe (DEP) in negative mode. 
5.5 3.2 
5.6 
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Figure 5-1. Mass Spectrum of Crude Reaction Mixture 
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5.4.10 1,3-Dibromo-2-iodobenzene (5.6) 
 
 
 
Br Br Br Br
I
LDA, I2, THF
 
 
 
  
To an oven dried sealed round bottom flask equipped with a stir bar were added 
1.53 mL (12.7 mmol) of 1,3-dibromobenzene and 26 mL of tetrahydrofuran.  The 
reaction flask was then cooled to -70 
o
C in a dry ice methanol bath.  After the reaction 
flask had equilibrated to temperature, 8.48 mL (12.7 mmol) of lithium diisopropylamine 
(1.5 M in cyclohexane) was then added dropwise to the reaction flask over 15 min.   The 
crude mixture was then left to continue stirring at  -70 
o
C.  After 2 h, 6.50 mL (12.7 
mmol) of iodine (1.9 M in tetrahydrofuran) was then added dropwise to the reaction 
mixture, which again was left to stir at -70 
o
C.  After 20 min the reaction flask was then 
removed from the cooling bath and left to warm to room temperature.  Once the mixture 
reached room temperature, 6 mL of 10% sodium thiosulfate solution was then added to 
the reaction flask (solution turned light yellow from dark brown).  The crude mixture was 
then concentrated to remove the organics under reduced pressure and then redissolved in 
dichloromethane.  The organic layer was then separated, washed with water and brine, 
dried over magnesium sulfate and filtered.  The organics were then concentrated to 
dryness under reduced pressure, and the resulting residue was recrystallized from ~10 mL 
of hot ethanol.  The recrystallized product was filtered and colleted to provide 2.79 g 
5.6 
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(54% yield) of white needles: mp (103 - 104 
o
C); 
1
H NMR (400 MHz, CDCl3) ! 7.57 (d, 
J = 8.0 Hz, 2H), 7.08 (t, J = 8.0 Hz, 1H); 
13
C NMR (100 MHz, CDCl3) ! 131.28, 131.05, 
130.30, 109.34; HRMS DART (m/z) [M+H]
+
 calculated C6H3Br2I: 359.7646, found 
359.7630.   
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Chapter 6 
Nickel Promoted Homo-Coupling and Synthesis of Diphenanthro[9,10-a:9!,10!-
g]corannulene 
 278 
6.1 Introduction 
 King et al.
1
 have shown that a series of three zircononhydrocarbons could be 
selectively synthesized and easily prepared on a moderate scale (0.5 g).  Their motivation 
for this work was initially to synthesize a bis(cyclopentadienyl)zirconium 2,2!-
biphenyldiyl (Cp2Zr(biphe)) to be used in a [4+2] route with varied alkynes as an access 
point into phenanthrene derivatives.  However, the expected Cp2Zr(biphe) was not 
formed, but rather instead, depending on the stoichiometry of Li2(biphe) used relative to 
Cp2ZrCl2, they were provided with [CpZr(biphe)2]
-1
, [Zr(biphe)3]
-2
 and [Zr(biphe)4]
-4
 
(Scheme 6-1).  Not wanting to abandon their original idea of using 
dibenzozirconacyclopentadienes as substrates for cycloaddition chemistry leading to 
phenanthrene derivatives, [Zr(biphe)3]
-2
 was reacted with (PPh3)2NiBr2 and 
diphenylacetylene to give 9,10-diphenylphenanthrene in modest yield (47%).   
Scheme 6-1. Zirconium Chemistry 
 
                                                
1
 Hilton, C. L.; King, B. T. Organometallics. 2006, 25, 4058-4061. 
Zr
Cl
Cl
Cp
Cp
Zr ZrZr
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From this work a second report by King et al. followed,
2
 whereupon using 
[Zr(biphe)3]
-2
 in an uncatalyzed fashion, the authors were able to invoke an aryl-aryl bond 
forming reaction with o-dihaloarenes to give triphenylenes.  The o-dihaloarenes used in 
that work and 1,2,5,6-tetrabromocorannulene (2.21) are strikingly similar, which led us to 
believe that 2.21 would be a good candidate to further expand this chemistry.  If the 
desired product diphenanthro[9,10-a:9!,10!-g]corannulene (6.1) can be synthesized, we 
expect it to form extended ordered arrays in a columnar fashion and anticipate 6.1 to have 
interesting charge carrier mobilities in the crystalline state.  
Scheme 6-2. Biphenylation of o-Dihalobenzenes 
  
After a seminar given at Boston College by Prof. B. King, he agreed to lend his 
expertise to this project; Prof. B. King’s group would carry out the zirconium chemistry 
at the university of Nevada Reno, and we would supply the o-dihaloarene 2.21 to them.  
                                                
2
 Hilton, C. L.; Jamison, C. R.; King, B. T. J. Am. Chem. Soc. 2006, 128, 14824. 
Zr
-2
3
Y Y
X
X
Y
Y
Br
BrBr
Br
2.21 6.1 
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After extensive work by King et al., they were unable to provide a pure sample of the 
desired product due to solubility issues; however, they did observe the desired product by 
mass spectral analysis and crude proton NMR.  We therefore began pursuing alternative 
methods to synthesize diphenanthro[9,10-a:9!,10!-g]corannulene (6.1).  
6.2 Results and Discussion 
6.2.1 Nickel Catalyzed Homo-Coupling 
 A transformation that could bridge the proximally situated phenyl groups on 
1,2,5,6-tetrakis(2-chlorophenyl)corannulene (3.6) to provide diphenanthro[9,10a:9!,10!-
g]corannulene (6.1) was not out of the question. This was an undesired side reaction 
observed in our palladium indenoannulation chemistry (for more details on this topic see 
chapter 4); however, the complexity of the many reaction products formed in that 
synthesis, combined with their extreme lack of solubility, is not conducive for a facile 
synthesis of 6.1.  The development of a homo-coupling between the adjacent aryl 
chlorides on 3.6 could limit the potential for unwanted indenoannulations, thereby 
simplifying any necessary purification steps leading to 6.1. 
For some time, it has been known that the direct coupling of aryl halides by zero 
valent nickel is possible (Semmelhack’s original method
3
), but it is limited to mostly 
para bromo or iodo substituted biaryls. Further development of this chemistry by 
                                                
3
 Semmelhack, M. F.; Helquist, P. M.; Jones, L. D. J. Am. Chem. Soc. 1971, 93, 5908-5910.  
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Semmelhack lead to the first nickel promoted cyclic biaryl synthesis,
4
 but the scope was 
strictly limited to iodinated biaryl examples.  Recently, nickel mediated couplings have 
found their way into macrocyclizations and polymer chemistry;
5a,b
 the previously limited 
use of aryl chloride are a thing of the past.  Given these recent advances, we began 
developing a nickel promoted aryl coupling between the proximally situated aryl halides 
on 1,2,5,6-tetrakis(2-chlorophenyl)corannulene (3.6) to provide the highly strained 
diphenanthro[9,10-a:9!,10!-g]corannulene (6.1).   
   Our initial foray into this chemistry came by way of a stoichiometric nickel 
coupling. Once we had successfully developed this step, we intended to investigate a 
catalytic process in the future.  In the first series of reaction attempts made, the desired 
product was detected in the crude reaction mixture by mass spectrometry but was never 
isolated.  Since these reactions were run with stoichiometric quantities of nickel, the 
crude reaction mixtures were laden with spent nickel salts, which we then removed by 
filtration through celite.   However, not only were the nickel salts removed, but the 
diphenanthro[9,10-a:9!,10!-g]corannulene (6.1) was, too.  After some trial and error we 
found 6.1 could be purified in a modest yield through hot solvent extraction to provide 
6.1 in excellent purity from which X-ray quality crystals were grown (Scheme 6-3 and 
Figure 6-1).   
 
                                                
4
 Semmelhack, M. F.; Ryono, L. S. J. Am. Chem. Soc. 1975, 97, 3873-3875. 
5
 (a) Carter, K. R. Macromolecules, 2002, 35, 6757-6759. (b) Skabara, P. J.; Berridge, R.; McInnes, E. J. 
L.; West, D. P.; Coles, S. J.; Hursthouse, M. B.; Müllen, K. J. Mater. Chem. 2004, 14, 1964-1969. 
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Scheme 6-3. Synthesis of Diphenanthro[9,10-a:9!,10!-g]corannulene 
 
Figure 6-1.  Crystal Structure of Diphenanthro[9,10-a:9!,10!-g]corannulene 
 
6.2.2 Reaction Optimization 
From our working nickel coupling we then investigated the use of potential 
phosphine based ligands as well as other nitrogen based bidentate ligands.  In all cases 
where 2,2!-bipyridine was substituted for another ligand we never observed product 
conversion.
6
  Also explored was the use of microwave heating under a broad temperature 
range (120 
o
C – 200 
o
C). While the yield for these reactions never reached those found 
                                                
6
 For a detailed list of reaction and conditions see chapter 6 experimental details. 
Cl
Cl
Cl
Cl
Ni(COD)2, DMF
24% yield
2,2'-Bipyridine
3.6 6.1 
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with conventional heating, the reactions were completed in as little as 30 min.  The study 
of a catalytic nickel coupling was not undertaken as we chose to focus our efforts toward 
improving the yield for the coupling.  It is noteworthy to point out though, development 
of a successful catalytic process should greatly improve the ease with which 
diphenanthro[9,10-a:9!,10!-g]corannulene (6.1) might be purified.  
6.3 Conclusion 
 The zirconium chemistry we initially hoped to use in the synthesis of 
diphenanthro[9,10-a:9!,10!-g]corannulene (6.1) was severely hindered by solubility issues 
and provided only trace quantities of an impure product.  Alternatively, we were 
successful in synthesizing our target molecule using a nickel based coupling reaction.  
From this coupling reaction we were then able to grow X-ray quality crystals which 
allowed us to solve the crystal structure of 6.1.  The crystal packing of 6.1 as expected, 
forms highly ordered arrays in a columnar fashion with each phenanthro segment aligned 
through a series of " - " stacking interactions. 
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Figure 6-2. Crystal Packing Arrangement of Diphenanthro[9,10-a:9!,10!-g]corannulene 
 
6.4 Experimental Procedures 
6.4.1 General Experimental  
All commercially available chemicals and solvents were used without further 
purification unless specified.  Anhydrous solvents were either purchased or were obtained 
from a six tap (dichloromethane, tetrahydrofuran, toluene, 1,2-dichlorobenzene, N,N-
dimethylacetamide and carbon disulfide) Glass Contour solvent purification system.  
Proton NMR spectra were taken using a Varian 500 MHz NMR spectrometer.  Chemical 
shifts are reported in ppm downfield from TMS in tetrachloroethane-d2 ("H = 6.00 ppm) 
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as the standard reference.  High resolution mass spectra were obtained using time of 
flight mass spectrometers at the mass spectrometry center at Boston College.      
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6.4.2 Diphenanthro[9,10-a:9!,10!-g]corannulene (6.1) 
 
 
Cl
Cl
Cl
Cl
Ni(COD)2, DMF
2,2'-Bipyridine
 
 
 
 To an oven dried Schlenk flask equipped with a stir bar were added 50 mg (0.072 
mmol) of 1,2,5,6-tetrakis(2-chlorophenyl)corannulene, 49 mg (0.18 mmol) of bis(1,5-
cyclooctadiene)nickel and, 28 mg (0.18 mmol) of 2,2!-bipyridene.  The reaction flask was 
then purged with nitrogen gas and evacuated over three cycles.  To the reaction flask 
were then added 5 mL of dimethylformamide and 15 mg (0.14 mmol) of 1,5-
cyclooctadiene.  The reaction flask was then placed in 100 
o
C oil bath and left to stir.  
After 2 d the reaction flask was removed from the oil bath and allowed to cool to room 
temperature.  The crude mixture was then diluted in 10 mL of methanol while  stirring to 
provide a dark precipitate.  The precipitate was collected by vacuum filtration providing a 
grey powder.  The grey powder was then washed with dichloromethane (15 mL) followed 
by acetone (15 mL).  Finally the powder was suspended in diphenyl ether, refluxed for ~ 
5 min, and filtered hot to provide a yellow solution, which upon cooling, provided 9 mg 
(24% yield) of light yellow needles of the desired product 6.1.  X-ray quality crystals 
were grown in diphenyl ether under a temperature gradient in a sealed pressure vessel.  
The X-ray data for 6.1 can be found at the Cambridge Crystallographic Data Centre 
CCDC deposition 747824: mp  (stable up to 350 
o
C, further heating caused 
decomposition);
 1
H NMR (500 MHz, C2D2Cl4, 100 
o
C) " 9.58 (d, J = 10 Hz, 2H), 9.54 (d, 
6.1 3.23 
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J = 10 Hz, 2H), 8.90 (d, J = 10 Hz, 2H), 8.83 (d, J = 10 Hz, 2H), 8.76 (s, 2H), 8.02 (d, J = 
10 Hz, 2H), 7.91 (m, obstructed d, 10H); 
13
C NMR (a spectrum could not be obtained due 
to the highly insoluble nature of the compound); UV-vis !max (CH2Cl2) nm (log "): 362 
(2.41) 307 (2.92) 289 (2.86) 264 (2.99); Fluorescence (307 nm excitation) !max (CH2Cl2) 
nm (rel. intensity) 473 (56%), 446 (100%), 424 (81%); HRMS ASAP (m/z) [M+H]
+
 
calculated for C44H23: 551.1800, found 551.1796 
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6.4.3.1 Diphenanthro[9,10-a:9!,10!-g]corannulene (6.1) 
 
Cl
Cl
Cl
Cl
Ni(COD)2, DMF
2,2'-Bipyridine
 
 
 
 To an oven reaction vessel equipped with a stir bar were added 50 mg (0.072 
mmol) of 1,2,5,6-tetrakis(2-chlorophenyl)corannulene (3.6), 49 mg (0.18 mmol) of 
bis(1,5-cyclooctadiene)nickel and, 28 mg (0.18 mmol) of 2,2!-bipyridine.  The reaction 
flask was then sealed and purged with nitrogen gas.  To the reaction flask were then 
added 5 mL of dimethylformamide and 15 mg (0.14 mmol) of 1,5-cyclooctadiene.  The 
reaction flask was then placed in a microwave reactor and irradiated at 200 
o
C.  After 30 
min the reaction flask was removed from the microwave and allowed to cool to room 
temperature.  The crude mixture was then diluted in 10 mL of methanol while stirring to 
provide a dark precipitate. The precipitate was then collected by vacuum filtration to 
provide a grey powder.  The powder was then washed with acetone and then refluxed in 
dichloromethane and filtered to provide a dull grey/yellow solid 3 mg (8% yield).  The 
spectroscopic properties of this material are consistent with those previously reported. 
 
 
 
 
 
6.1 3.6 
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6.4.3.2 Diphenanthro[9,10-a:9!,10!-g]corannulene (6.1) 
 
 
Cl
Cl
Cl
Cl
Ni(COD)2, DMF
2,2'-Bipyridine
 
 
 
 To an oven reaction vessel equipped with a stir bar were added 50 mg (0.072 
mmol) of 1,2,5,6-tetrakis(2-chlorophenyl)corannulene (3.6), 49 mg (0.18 mmol) of 
bis(1,5-cyclooctadiene)nickel and, 28 mg (0.18 mmol) of 2,2!-bipyridine.  The reaction 
flask was then sealed and purged with nitrogen gas.  To the reaction flask were then 
added 5 mL of dimethylformamide and 15 mg (0.14 mmol) of 1,5-cyclooctadiene.  The 
reaction flask was then placed in a microwave reactor and irradiated at 160 
o
C.  After 45 
min the reaction flask was removed from the microwave and allowed to cool to room 
temperature.  The crude mixture was then diluted in 10 mL of methanol while stirring to 
provide a dark precipitate.  The precipitate was then collected by vacuum filtration to 
provide a grey powder.  The powder was then washed with dichloromethane and acetone 
and then refluxed in diphenyl ether.  The diphenyl ether mixture was filtered hot to 
provide a yellow solution which formed light yellow crystals upon cooling  3 mg (8% 
yield).  The spectroscopic properties of this material are consistent with those previously 
reported.  
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6.4.3.3 Diphenanthro[9,10-a:9!,10!-g]corannulene (6.1) 
 
 
Cl
Cl
Cl
Cl
Ni(COD)2, DMF
2,2'-Bipyridine
 
 
 
 To an oven dried reaction vessel equipped with a stir bar were added 50 mg 
(0.072 mmol) of 1,2,5,6-tetrakis(2-chlorophenyl)corannulene (3.6), 49 mg (0.18 mmol) 
of bis(1,5-cyclooctadiene)nickel and, 28 mg (0.18 mmol) of 2,2!-bipyridine. The reaction 
flask was then sealed and purged with nitrogen gas.  To the reaction flask were then 
added 5 mL of dimethylformamide and 15 mg (0.14 mmol) of 1,5-cyclooctadiene.  The 
reaction flask was then placed in a microwave reactor and irradiated at 120 
o
C.  After 45 
min the reaction flask was removed from the microwave and allowed to cool to room 
temperature.  The crude mixture was then diluted in 10 mL of methanol while stirring to 
provide a dark precipitate.  The precipitate was then collected by vacuum filtration to 
provide a grey powder.  The powder was then washed with acetone and then refluxed in 
dichloromethane and filtered to provide a dull grey/yellow solid 6 mg (16% yield).  The 
spectroscopic properties of this material are consistent with those previously reported. 
 
 
 
 
 
6.1 3.6 
 295 
6.4.4 Attempted Diphenanthro[9,10-a:9!,10!-g]corannulene (6.1) 
 
 
Cl
Cl
Cl
Cl
Ni(COD)2, DMF
1,10-phenanthroline
 
 
 
 To an oven dried reaction vessel equipped with a stir bar were added 25 mg 
(0.036 mmol) of 1,2,5,6-tetrakis(2-chlorophenyl)corannulene (3.6), 25 mg (0.090 mmol) 
of bis(1,5-cyclooctadiene)nickel and, 16 mg (0.090 mmol) of 1,10-phenanthroline.  The 
reaction flask was then sealed and purged nitrogen gas.  To the reaction flask was then 
added 5 mL of dimethylformamide.  The reaction flask was placed in a microwave 
reactor and irradiated at 160 
o
C for 30 min. The reaction flask was then removed from the 
microwave reactor and allowed to cool to room temperature.  The crude mixture was then 
diluted in 10 mL of methanol while stirring to provide a dark precipitate.  The precipitate 
was collected by vacuum filtration and analyzed by mass spectrometry to confirm the 
absence of the desired product. 
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6.4.5 Attempted Diphenanthro[9,10-a:9!,10!-g]corannulene (6.1) 
 
 
Cl
Cl
Cl
Cl
Ni(COD)2, DMF
PPh3
 
 
 
 To an oven dried Schlenk flask equipped with a stir bar were added 25 mg (0.036 
mmol) of 1,2,5,6-tetrakis(2-chlorophenyl)corannulene (3.6), 24 mg (0.094 mmol) of 
bis(1,5-cyclooctadiene)nickel and, 24 mg (0.090 mmol) of triphenylposphine.  The 
reaction flask was then purged nitrogen gas and evacuated over three cycles.  To the 
reaction flask was then added 5 mL of dimethylformamide.  The reaction flask was 
placed in 120 
o
C oil bath and left to stir.  After 2 d the reaction flask was removed from 
the oil bath and allowed to cool to room temperature.  The crude mixture was then diluted 
in 10 mL of methanol while stirring to provide a dark precipitate.  The precipitate was 
collected by vacuum filtration and analyzed by mass spectrometry to confirm the absence 
of the desired product. 
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6.4.6 Attempted Diphenanthro[9,10-a:9!,10!-g]corannulene (6.1) 
 
 
Cl
Cl
Cl
Cl
Ni(COD)2, DMF
PCy3
 
 
 
 To an oven dried Schlenk flask equipped with a stir bar were added 50 mg (0.072 
mmol) of 1,2,5,6-tetrakis(2-chlorophenyl)corannulene (3.6), 49 mg (0.18 mmol) of 
bis(1,5-cyclooctadiene)nickel and, 51 mg (0.18 mmol) of tricyclohexylphosphine.  The 
reaction flask was then purged nitrogen gas and evacuated over three cycles.  To the 
reaction flask were then added 5 mL of dimethylformamide and 15 mg (0.14 mmol) of 
1,5-cyclooctadiene.  The reaction flask was then placed in 120 
o
C oil bath and left to stir.  
After 2 d the reaction flask was removed from the oil bath and allowed to cool to room 
temperature.  The crude mixture was then diluted in 10 mL of methanol while stirring to 
provide a dark precipitate.  The precipitate was collected by vacuum filtration and 
analyzed by mass spectrometry to confirm the absence of the desired product. 
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